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1. 


CHAPTER  I 


INTRODUCTION  AND  PREVIOUS  WORK 


The  present  work  has  been  performed  on  the  petrochem- 
istry and  geochemistry  of  two  granitic  plutons  emplaced  in 
two  different  shields.   The  Deloro  pluton  is  one  of  the  many 
granitic  bodies  in  the  Grenville  structural  province  of 
Ontario,  Canada.   The  Abu-Kharif  complex  occurs  in  the 
Central,  Eastern  Desert  of  Egypt,  which  is  a  part  of  the 
Arabian  Nubian  Shield  (see  the  location  maps  figures  I.l 
and  1.2).   The  emplacement  of  Deloro  pluton,  along  with  its 
petrographic  and  mineralogical  characteristics  have  been 
described  in  some  detail  by  Saha  (1957,  1959).   Kuehnbaum 

(1973)  studied  the  crystallization  history  of  that  granitic 
body.   The  geology  of  the  Abu-Kharif  complex  have  been 
thoroughly  studied  by  Abdel-Rahman  in  1979.   The  geochemistry 
of  the  different  granitic  phases  of  both  plutons  is  the  goal 
of  the  present  study. 

The  Deloro  pluton  covers  an  area  of  about  35  sq.  km. 
in  Marmora  and  Madoc  township,  Hastings  County  (Fig.  I.l). 
The  pluton  lies  near  the  southern  fringe  of  the  Canadian 
Shield.   It  is  composite,  made  up  of  a  north-south  elongated 
body  of  riebeckite  granite  and  calcic  syenite-granite  (about 

10.5  km.  long,  3.5  km.  wide),  with  an  ESE  trending  project- 
ion, and  an  oval  shaped  body  of  granophyric  granite,  covering 
about  7  sq.  km.,  in  the  eastern  part  of  the  pluton, 

(Kuehnbaum,  1973) .   The  Abu-Kharif  granitic  complex  covers 
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Fig.(l.'l);   Location  map  of  the  Deloro  pluton 
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Fig. (1.2);  Location  map  of  the  Abu-lharlf  granitic  complex 
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some  150  sq.  km.  near  the  port  Safaga  on  the  Red  Sea.   The 
Abu-Kharif  granitic  rocks  are  represented  by  syntectonic 
granodiorites,  late-tectonic  calcalkaline  granites  and 
post-tectonic  alkaline  granites.   Several  dykes  and  quartz 
veins  traverse  some  of  these  rocks. 


Previous  Work 


Fairly  intensive  geological  mapping  and  investigations 
of  economic  mineral  deposits  have  been  carried  out  in  the 
Granville  structural  province  including  the  Deloro  pluton. 
In  the  Abu-Kharif  complex,  a  few  workers  had  previously 
contributed  to  the  geology  of  the  granitic  rocks.   The  follow- 


ing 


is  a  summary  of  the  previous  work  carried  out  in  both 


the  Deloro  and  Abu-Kharif  granitic  complexes. 
(1)   Deloro  Pluton; 

The  granitic  bodies  of  the  Grenville  structural 
province  have  not  received  much  attention  until  recently. 
Deloro  granites  and  syenites  were  recognized  by  Wilson 
(1940)  as  being  distinctive  among  similar  bodies  in  the 
surrounding  Grenville  terrain,  and  he  mapped  them  according- 
ly as  a  separate  unit.   Tuttle  (1952)  described  a  sample  of 
Deloro  granite  as  a  typical  perthite  granite  in  which  no 
recrystallization  has  taken  place.   Bown  (1958)  used  felds- 
pars from  the  "Madoc"  granite  to  exemplify  their  hypersolvus 
types.   The  Ontario  Department  of  Mines  published,  (1957) a, 
a  compilation  geological  map  of  the  Flaliburton-Bancroft 
region  on  the  scale  l(inch)=  2  miles. 
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Saha  (1957)  studied  in  some  detail  the  mode  of 

I 

emplacement  of  the  Deloro  pliiton  and  other  granitic  plutons 
in  South-East  Ontario.   Saha  (1957)  concluded  that  the  Deloro 
pluton  was  emplaced  in  two  distinct  stages: 

a)  An  earlier,  forceful  intrusion  of  perthite  granite,  which 
grades  to  syenite  to  the  western  border  due  to  assimilation 
of  the  gabbro-diabase  country  rocks. 

b)  An  intrusion  of  more  sodic  and  less  mafic  granophyric 

granite. 

Recently,  Kuehnbaum  (1973)  concluded  that  the  sequence 

of  emplacement  was  as  follows:  intrusion  of  gabbroic  rocks, 
intrusion  and  fractionation  in  situ  of  the  calcic  suite 
(calcic  syenite-granite) ,  diapiric  intrusion  of  the  relatively 
dry  peralkaline  magma  and  finally  the  high  level  intrusion 
of  granophyric  granites. 
2)   Abu-Kharif  complex: 

The  granitic  rocks  of  Abu-Kharif  complex.  Red  Sea  hills  of 
Egypt,  were  first  recognized  by  Hume  (1935) ,  who  stated  that 
Gabel  Abu-Kharif  is  composed  of  quartz  diorite  and  coarse 
granite.   He  classified  it  among  his  coarse  red  Gattarian 
granites  of  the  late  precambrian.   Schurman  (1966)  splits 
the  Gattarian  granites  into  two  parts,  separated  by  the 
Hammamat  formation.   He  groups  the  riebeckite  granites 
(never  observed  as  boulders  in  Hammamat) ,  collectively  with 
part  of  the  red  pegmaticic  granites,  to  the  post  Hammamat 
Gattarian  granites.   According  to  Schurman,  these  granites 
are  traversed  by  the  post  granitic  dikes.   The  Abu-Kharif 
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granitic  complex  is  shown  in  the  regional  geological  map 
of  the  basement  complex  of  Egypt  by  El-Ramly  (1972)  as 
being  formed  of  syntectonic  to  late-tectonic  granites. 

Zalata  (1972)  considered  the  alkaline  riebeckite- 
granites  collectively  with  other  granitic  rocks  as  late  and 
post  erogenic  granites.   All  these  granitic  rocks  were 
considered  to  be  traversed  by  post-granitic  dykes  (see 
Abdel-Rahman  1979).   Sabet  et  al.  (1972)  split  the  late 
and  post  erogenic  granites  of  Zalata  (1972)  into  three 
phases  represented  by  adamellites,  granites  and  alkaline- 
granites.   He  considered  the  so-called  post-granitic  dykes 
as  representing  the  youngest  Precambrian  magmatization. 

Recently,  Abdel-Rahman  (1979)  has  observed  that  the 
post-tectonic  alkaline  granites  are  not  traversed  by  any 
kind  of  dykes,  despite  the  fact  that,  they  are  forcefully 
intrude  the  so-called  post  granitic  dykes. 

These  observations  suggest  that  the  different  granitic 
phases  of  Abu-Kharif  complex  should  be  reclassified. 
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Purpose  of  Study 
The  main  purposes  of  this  study  can  be  summarized  in 

the  following  points: 

(1)  To  study  the  petrochemistry  of  Deloro  granitic 
rocks  (an  example  from  the  Canadian  Shield)  in  comparison 
to  the  Abu-Kharif  granites  (belonging  to  the  Nubian-Arabian 

Shield) . 

(2)  To  determine  the  geochemical  characteristics  - 

both  Major  and  Trace  Elemenets  including  Rare  Earth  Elements  - 
of  the  Abu-Kharif  granitic  rocks  as  well  as  of  Deloro  granites 

(3)  To  estimate  the  serial  qharacter  (the  presence 

of  one  or  more  granitic  seris)  within  each  granitic  complex. 

(4)  To  study  the  geochemistry  of  the  mineral  phases 
with  special  emphasis  on  the  alkali  amphiboles. 

(5)  To  estimate  the  petrographic  characters  in  each 

granitic  phase. 

(6)  To  use  the  geochemical  data  supported  by  the 
field  observations  in  order  to  evaluate  the  possible  genetic 
hypotheses  relating  to  the  rocks  studied. 
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CHAPTER  II 
GEOLOGICAL  SETTING  AND  FIELD  OBSERVATIONS 


(a)   Deloro  Pluton 

The  Deloro  pluton  is  one  of  the  numerous  granitic 
bodies  in  the  southernmost  exposed  part  of  the  Grenville 
Structural  Province  of  the  Canadian  Shield.   It  is  situated 
roughly  between  Madoc  and  Marmora,  Ontario,  Canada  (Fig.I.l). 
Geologic  mapping  carried  out  by  the  Geological  Survey  of 
Canada  and  by  Saha  (1957)  indicates  that  Deloro  pluton  is 
dominantly  covered  by  gabbroic  or  dioritic  rocks  -  commonly 
distributed  on  the  west  part  of  the  body  -,  calcic  syenite- 
granites,  peralkaline  riebeckite-bearing  granites  (formerly 
called  "perthite  granites"  by  Saha  (1957),  and  granophyric 
granites  (see  the  geologic  map.  Fig.  II. 1).   Riebeckite 
bearing  xenoliths  of  mafic  syenitic  and  gabbroic  (diabasic) 
material  were  recorded  (Fig.  II. 2).   Saha  (1957)  concluded 
that  the  granitic  and  syenitic  rocks  of  the  pluton  are 
extremely  massive,  with  the  only  macroscopic  linear  element 
being  the  occasional  "parallel  arrangement  of  small  clots 
of  inclusion".   Metavolcanic  dykes  as  well  as  thin  riebeckite- 
bearing  dykes  were  observed  intruding  the  previous  rock  units 
(Fig.  II. 3).   An  elliptical,  predominant,  western  portion 
and  an  easterly  extending  arm  give  a  crescentic  outline  to 
the  body  (Kuehnbaum,  1973) .   Saha  described  that  this  body 
could  not  be  regarded  either  as  a  cone-sheet  or  as  a  ring- 
dyke.   Several  workers  have  studied  the  tectonic  aspects  of 
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emplacement  of  the  crescentic  shaped  granitic  complexes  in 
the  Archean  of  Ontario.   Between  them,  they  concluded  that 
the  numerous  crescentic  granitoid  plutons  ranging  in 
composition  from  diorite  to  granite  were  injected  between 
dome-shaped,  second-order  diapirs  and  their  supracrustal 
envelopes  (Schwerdtner  et  al.  1979).   The  granitic  complex 
of  the  Deloro  pluton  intrudes  in  a  conformable  fashion  the 
surrounding  metasediments  and  metavolcanic  rocks  of  the 
Grenville  Precambrian.   Lumbers  (1967)  has  dated  the  later 
suite  of  rocks  as  l,350m.y.   In  1979,  Fyson  et  al.  (in  their 
study  of  the  regional  deformation  and  emplacement  of  grani- 
toid plutons)  had  reach  the  conclusion  that  the  development 
of  flat-lying  structures  near  granitoid  plutons  has  been 
linked  to  modifications  in  regional  strain  above  the  bodies 
as  they  rose  during  two  main  phases  of  regional  deformation. 
Such  flat-lying  structures  are  well-developed  near  the 

Deloro  pluton  (Fig.  II. 4). 

As  the  peralkaline  reibeckite  granite   is  injected  by 
thin  veins  and  irregular  injections  of  granophyric  granite, 
Saha  (1957)  concluded  that  the  granophyric  granite  is 
definitly   the  youngest  granitic  phase.   The  latter  is 
generally  finer  grained  towards  the  contact  of  the  riebeckite- 
granite  and  tends  to  become  coarser  inwards  from  the  contact. 
Saha  in  his  study  had  considered  that  both  the  riebeckite- 
granite  and  the  calcic  syenite-granite  were  formed  as  a 
result  of  an  earlier  forceful  intrusion  of  perthite  granite 
which  grades  to  syenite  in  the  western  border  due  to  assimil- 
ation of  the  gabbroic  rocks.   In  1973,  Kuehnbaum  observed 
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that  the  contact  relations  between  the  riebeckite-granite 
and  the  calcic  syenite-granite  suite  are  obscured,  he  added, 
nowhere  were  there  found  to  be  dykes  of  either  rock  inter- 
secting the  other. 

At  the  contact  between  the  peralkaline  riebeckite  granite 
and  the  calcic  syenite-granite  (along  Hwy.  7  readout),  we 
observed  that  a  three  meter  wide  riebeckite  granitic  dyke 
cuts  the  calcic  syenite  granites.   This  observation  leads 
to  the  conclusion  that  the   riebeckite  granitic  phase 
represents  a  later  episode.   It  seems  also  that  the  origin 
of  the  calcic  syenite-granites  are  much  more  complex  than 
the  hypothesis  of  hybridization  or  assimilation  of  gabbroic 
rocks,  suggested  by  Saha  (1957,  1959)  to  explain  their 
evolution.   Meanwhile,  Kuehnbaum  (1973)  mentioned  that  syenites 
are  observed  in  contact  with  marbles  where  gabbroic  rocks  are 

entirely  lacking. 

The  granitic  rocks  in  the  examined  area  show  three 
types  of  joints;  (i)  vertical  or  steeply  inclined  joints, 

(ii)  sheet  or  horizontal  and  (iii)  oblique  ones  (Fig.  II. 5a, 
b  and  c) .   Red  coloration  in  the  riebeckite  granites  as  well 

as  in  calcic  syenite-granites  is  occasionally  observed  along 

joint  planes. 

Based  on  field  observations,  and  as  observed  by 
Kuehnbaum  (1973),  the  granitic  rocks  of  the  Doloro  pluton 
are  thought  to  be  emplaced  as  follows: 

(1)   Intrusion  and  fractionation  in  situ  of  calcic  syenite- 
granite,  syenite  complex. 
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Fi(S.(U.3);    (a)   Oblique   joint  3et   in  the  Deloro  .-ranites. 

(b)   Vertical  and  hori'^ontal  master  jointinii   in   the  Deloro 
peralkaline   riebeckite  (iranites.    (Scale   1    : 50) 
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(2)  Intrusion  of  the  riebeckite  granite 

(3)  High  level  intrusion  of  water  rich,  loss  f emic , 
granitic  liquid  forming  the  granophyric  granites. 


(b)   Abu-Kharif  granitic  complex; 

The  detailed  geological  mapping  (scale,  1:40,000),  and 
field  observations  of  Abu-Kharif  granites  carried  out  by 
Abdel-Rahman  (1979)  shows  that  the  complex  consists  of 
syntectonic  grey  granites,  late  tectonic  calc-alkaline 
granites  and  post  tectonic  alkaline  granites.   Metavolcanics 
as  well  as  diorites  are  also  mapped  in  the  northern-eastern 
side  of  the  examined  area  (Fig.  II. 6).   The  majority  of  these 
rocks  are  traversed  by  several  dykes  of  basic,  intermediate 
and  acidic  nature.   The  detailed  field  study  reveals  that 
the  metavolcanics  and  diorites  are  intruded  by  the  syntect- 
onic grey-granites,  of  which  several  offshoots  are  also 
recorded  within  the  diorite  suite.   The  contacts  between  the 
low  lying  country  rock,  which  is  grey-granite  and  the 
moderately  elevated  pink  granites  are  sharp  and  marked  by 
intrusions  of  the  pink  into  the  grey.   Both  the  grey  granites 
and  the  calc-alkaline  pink  granites  are  traversed  by  numerous 
dykes  where  the  alkaline  granites  intrude  and  represent  the 
last  manifestation  of  igneous  activity  in  the  area. 

A  brief  summary  of  the  three  main  granitic  phases  at 
Abu-Kharif  complex  is  given  below:- 
Syntectonic  grey-granites 

The  grey  granites  are  composed  essentially  of  plagio- 
clase  and  quartz  with  subordinate  amounts  of  nlkcTli  feldspars, 
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while  biotite  and  hornblende  are  the  predominant  mafic 

I 

minerals.   Grey  granites  include  several  varieties  exhibit- 
ing several  colours  such  as  pinkish-white,  buff  and  grey. 
These  varieties  do  not  form  mappable  units.   Red  colouration 
in  the  grey  granites  is  frequently  observed  along  fracture 
planes.   Abdel-Maksoud  et  al.  (1979)  concluded  that  the 
grey  granites  show  sharp  and  intrusive  contact  with  the 
metavolcanics  which  are  occasionally  caught  up  as  xenoliths. 
They  also  intrude  the  diorites  with  several  offshoots  of 
granite  in  the  diorite  belt.   The  grey  granites  are  intruded 
by  the  pink  granites  with  markedly  sharp  contact. 
Late  tectonic  pink-granites 

Pink-granites  form  a  moderately  elevated  country  and 
exhibit  a  pink  colour  on  the  fresh  surfaces,  while  a  yellowish 
pink  colour  is  usually  seen  on  the  weathered  surfaces.   Block 
type  of  weathering  (Fig.  II. 7)  is  predominantly  with  the 
mass  of  pink  granites.   They  are  composed  essentially  of 
alkali  feldspars,  quartz  with  subordinate  plagioclase, 
while  biotite  is  the  frequently  recorded  mafic  mineral. 
The  pink  granites  intrude  the  grey  granites  as  well  as 
diorites  with  sharp  intrusive  contacts.   Several  offshoots 
of  pink  granites  are  recorded  in  the  grey  granites  (Fig. II. 8). 
Numerous  dykes  are  also  recorded  intersecting  the  pink 

granites . 

Dykes 

Basic,  acidic  and  alkaline  type  oE  dykes  include 
varieties  such  as  andesites,  dolerites,  quartz,  porphyries, 


0 
# 


I    i 


II 


t^t. 


->•• 


r-^" 


-■«".^.-  '■ 


^^ 


19. 


Fig. (II. 7);  Block  ueatherins  in  the  Abu-Kharif  pink  granites  (Lookinb^  N.) 


Fi^.(il.b);  Sharp  contact  between  pink  granite  (l)  and  (^ranodiorite  (G) 

(Looking  NS) . 
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bostonites  and  trachytes  are  recorded  and  cut  all  the 
previously  mentioned  country  rocks  (Fig.  II. 9).   Chronologic- 
ally, they  are  equivalent  to  the  so-called  post-granitic  dykes 
frequently  observed  intruding  the  late  tectonic  pink  granites 
in  the  basement  complex  of  Egypt.   Since  the  term  post- 
granitic  dykes  was  first  developed  by  Amin,  et  al.  (1953), 
all  the  workers  on  the  basement  complex  of  Egypt  considered 
those  dykes  as  being  the  youngest  phase  of  igneous  activity 
in  the  Egyptian  basement  complex  (see  for  example  Akaad  1966, 
and  Sabet  1972,  in  their  classification  of  the  basement 
rocks  of  Egypt,  tables  II. 1,  and  II. 2).   Field  studies  on 
Abu-Kharif  area  by  Abdel-Rahman  (1979)  indicate  that  the 
alkaline  granites,  which  form  the  highest  peak  of  the  area, 
forcefully  intrude  the  dykes  (Fig.  11.10).   The  intensive 
upward  movement  of  this  major  granitic  mass  causes  the 
strike  of  a  three  meter  thick  doleritic  dyke  to  change  from 
N40E  to  N20W  (Fig.  11.11).   That  observation  indicates,  that 
the  dykes  are  chronologically  located  between  the  late 
tectonic  pink  granites  and  the  still  younger  alkaline 
granites.   Accordingly,  they  cannot  bo  regarded  as  post- 
granitic  according  to  the  popular  model.   Abdel  Maksood  et 
al.(1979)  concluded  that  the  traditional  term  "post- 
granitic"  for  dykes  that  traverse  the  late  tectonic  pink 
granites  of  the  Eastern  Desert,  should  be  modified  as  the 
occurrence  of  a  still  younger  period  of  granitic  activity 
is  now  well  established. 
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Fie.(ll.9);  A  doleritic  dyke  (D)  Intrudin^j  the  pink  granite  (P)  and  the 

quartz-porphry  dyke  (i)-  Note  that  faultia,^  in  pink  granite 
13  evidenced  by  the  displacement  of  a  quartz-porphry  dyke  (-i) 
(looking  South,  'fhe  Abu-hharil  complex). 
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Fi;,.(il.lO),  The  alkaline  granite  forcefully  intrude  the  dyke  (^) . 

(ixDokinG  NVJ,    Abu-Kharif  complex). 
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Fis.ant);   General  view   for  a  dy.e  intruded  by  the  Abu-.a-.arif  alkaline 

L-ranito.   Note   the   chantie   in   the   strike  of  the  dy^e. 
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Post  tectonic  alkaline  granites 

The  alkaline  granite  which  form  three  main  elongated 
masses  aligned  in  a  NE-SW  direction  contains  the  highest 
peaks  of  the  area  (about  1327m.  high).   They  are  hard, 
massive  and  pale  yellowish  white  in  colour.   In  hand  specimen, 
the  predominant  mafic  mineral,  alkali  amphibole,  exhibits  a 
characteristic  blackish  colour.   The  alkaline  granites 
intrude  both  all  the  previously  described  rocks.   Abdel- 
Rahman  (1979)  described  that,  to  the  north  and  south  of 
the  examined  area  they  intrude  both  the  grey-granites  and 
the  pink-granites  (Fig.  11.12),  (where  contacts  are  intrusive 
with  several  offshoots  of  the  alkaline  granites).   They 
also  intrude  the  dykes.   This  latter  observation  leads  to 
the  conclusion  that  the  alkaline  granites  should  be 
considered  as  the  last  manifestation  of  igneous  activity 
in  the  Abu-Kharif  area.   They  represent  a  separate  granitic 
phase  erupted  after  the  intrusion  of  the  dykes.   The  geo- 
chronological  correlation  of  Abu-Kharif  rocks,  related  to 
the  other  classifications  of  the  basement  rocks  of  Egypt, 
is  represented  at  table  (II.  3).   In  general,  Abu-Kharif 
granitic  rocks  are  traversed  by  several  strike  slip  faults. 
Faulting  is  evident  by  displacement  of  dykes,  (see  Fig.  II. 9), 
occurrence  of  shear  zones  as  well  as  by  the  presence  of 
slickcnsidcd  surfaces,  frequently  observed  on  the  fault 
planes. 
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Several  authors  relate  the'  structural  trends  in  the 
basement  complex  to  those  developed  in  the  Red  Sea  graben. 
Based  on  linear  analysis,  Sabet  (1961),  El  Etr  et  al^  (1973) 
and  Morcos  (1977),  distinguished  several  trends,  which  are 
correlated  with  the  trends  of  the  Red  Sea  graben.   The  rocks 
representing  the  alkaline  granitic  phase  are  traversed  by 
faults  formed,  most  probably,  during  the  formation  of  the 
Red  sea  graben.   Consequently,  from  a  stratigraphic  point 
of  view,  this  phase  was  considered  as  pre-rifting  (Abdel- 
Maksood  et  al.  (1979).   Three  types  of  joints,  cross  or 
vertical,  sheet  or  horizontal,  and  conjugate  or  oblique 
have  been  observed  in  the  granitic  rocks.   The  first  two 
groups  resulted  during  the  thermal  modifications  of  the 
granitic  masses,  (Fig.  11.13)  while  conjugate  joints  are 
formed  comtemporaneously  with  faulting. 
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FiS.(li.l2),  The  alkaline  granite  (A)  intruding  low  land,  highly  weathered 

granodiorlte  (G).  (Looking  S,  the  Abu-Kharif  area). 
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Fi^.(lI.13);   Vertical  and  horizontal  minor  jointing  in  the  Abu-Kharif 

calc-alkaline  Granite.    (LookincS  W.,   iscale,    1:    dO). 
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CHAPTER  III 
PETROGRAPHY  OF  THE  GRANITIC  ROCKS 
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CHAPTER  III 


PETROGRAPNY  OF  THE  GRANITIC  ROCKS 
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In  1957,  Saha  gave  a  petrographic  description  of  the 
granitic  rock  units  of  the  Deloro  pluton,  and  Keuhnbaum  (1973) 
gave  a  more  complete  description.   Abdel-Rahman  (1979)  has 
studied  in  some  detail  the  petrography  of  the  three  granitic 
phases  of  the  Abu-Kharif  complex.   A  brief  summary  of  the 
petrographic  characteristics  of  the  Abu-Kharif  and  Deloro 
granites  is  given  here. 

(A)   Petrography  of  the  Abu-Kharif  granites 
Field  studies  reveal  that  the  granitic  rocks  comprise 
three  main  field  types.   Beginning  with  the  oldest,  these 
are;  the  syntectonic  granodiorites,  the  late  tectonic  pink 
granites,  and  the  post  tectonic  granites.   In  addition,  such 

ft 

rocks  can  be  subdivided  on  their  mafic  content. 

In  the  following,  the  petrography  of  the  different 
granitic  varieties  is  given: 

1.   Syntectonic  granodiorite 


a)   Hornblende  granites: 

Microscopically,  these  rocks  show  holocrystalline 
hypidiomorphic  granular  texture.   They  are  composed  mianly 
of  quartz,  plagioclase  feldspars,  alkalifeldspars  and  horn- 
blende with  accessory  sphene  and  iron  oxides. 

Quartz  crystals  are  almost  xenomorphic,  integranular 
and  varying  between  1.4  mm.  and  2.2  mm.  across.   They  are 
occasionally  undulose  and  cofhmonly  contain  inclusions  Of 
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zircon  and  iron  oxides.   They  exhibit  sharp  contact  against 
feldspar  crystals. 

Plagioclase  forms  euhedral  to  subhedral  prismatic 
crystals,  showing  polysynthetic  as  well  as  simple  twinning. 
The  individual  twin  lamellae  are  variable  in  breadth  and  a 
single  crystal  may  consist  of  up  to  20  lamellae,   (Fig.  III.l) 
Plagioclase  crystals,  frequently  show  oscillatory  zoning. 
The  composition  of  the  plagioclase  is  (An  =  17),  i.e. 

oligoclase. 

Alkalifeldspars  are  represented  either  by  perthite 


w 


ith  orthoclase  host  and  albite  inclusions  or  microcline  with 


poorly  developed  cross-hatch  twinning.   Perthite  crystals 
range  from  0.6  mm.  to  2 . 5  mm.  across.   They  are  partially 

altered. 

Hornblende  forms  green  subhedral  to  anhedral  twinned, 
strongly  pleochroic  crystals,  with  x  =  yellow  and  Y=Z=Green. 
The  Zac  angle  ranges  from  18  to  25  degrees.   Hornblende  crys- 
tals are  sieved  and  usually  enclose  biotite ,  zircon,  magnetite, 
and  quartz  granules.   Accessory  sphene  forms  rhombohedral 
crystals.   Iron  oxides  form  either  skeletal  patches  or 
granules. 

Some  varieties  are  biotite-bearing.   Biotite  forms 
green  and/or  brown  euhedral  to  subhedral  occasionally  twinned 
crystals.   Both  green  and  brown  varieties  are  strongly 
pleochroic.   They  also  exist  moulding  around  feldspar  terminates 
showing  a  subophitic  relationship. 
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b)   Biotite  granite: 

Biotite  granite  consist  essentially  of  quartz,  plagio- 
clase,  aikaliieldspars  and  biotite.   Sphene  and  magnetite  are 
detected  as  accessories. 

Quartz  forms  anhedral  crystals,  ranging  from  0.9  mm. 
to  1.3  mm.  across  and  displaying  sharp  contact  against  felds- 
par and  mica  and  occasionally  enclosed  by  them. 

Plagioclase  is  present  in  the  form  of  euhedral  to 
subhedral  twinned  prismatic  crystals.   The  anorthite  content 
is  (An  =  15),  i.e.  oligoclase.   Occasionally,  plagioclase 
crystals  enclose  smaller  corroded  plagioclase.   This  may 
indicate  two  periods  of  crystallization  separated  by  a 
period  of  magmatic  corrosion. 

Alkalifeldspar  form  anhedral  crystals  ranging  from 
1.0  mm.  to  3.9  mm.  across.   They  are  represented  by  micro- 
cline  and  perthite.   Perthite  crystals  have  corroded  margins 
and  are  highly  altered.   Microcline  exhibits  poorly  developed 
cross-hatch  twinning. 

Biotite  is  green  and/or  brown  subhedral  and  occasionally 
twinned.   Brown  biotite  may  appear  surrounding  green  ones, 
with  chlorite  inner  zone.   The  greenish  variety  is  pleochroic 
according  to  the  scheme  z  =  yellow  and  X=Y=green,  while  the 
brown  variety  shows,  Z=yellowish  brown  and  x=Y=brown.   Biotite 
crystals  have  crenulated  margins  and  are  charged  with  iron 
oxides  along  cleavage  planes. 
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Rhombic  sphene  crystals  are  observed  as  accessories 
They  exist  either  surrounded  by  biotite  crystals  or  as 
inclusions  in  them. 


2.   Late  tectonic  calc-alkaline  granites 


I 


a)   Biotite  granite: 

Under  the  microscope,  these  rocks  are  holocrystalline 
with  hypidiomorphic  granular  texture.   They  are  composed 
essentially  of  quartz,  alkalifeldspar ,  plagioclase  and 
biotite  with  accessory  iron  oxides  and  sphene. 

Quartz  develops  anhedral  crystals,  varying  in  diameter 
between  0.6  nun.  and  2.6  mm.,  and  fill  the  intervening  spaces 
between  the  feldspar  crystals. 

Alkalifeldspars  are  represented  by  perthite .   They  form 
anhedral  crystals,  varying  between  1.1  nm.    and  3.4  mm.  across. 
Replacement,  vein,  and  patch  perthites  are  recorded.   Perthite 
crystals  are  frequently  twinned  on  the  Baveno  law,  and  rarely 
the  Carlsbad  law.   Two  phases  of  prthitic  crystallization 
may  be  suggested,  where  perthite  crystals  enclose  smaller 


ones. 


Plagioclase  exists  in  subordinate  amount,  forming  sub- 
hedral  crystals.   Zoning  of  oscillatory  type  is  scarcely 
observed  (Fig.  III. 2).   Most  of  the  plagioclase  crystals 
have  oligoclase  composition  (An  =  13).   They  exhibit  myrme- 
kitic  texture  with  quartz  and  frequently  enclose  quartz 
fragments,  iron  oxides  and  euhedral  sphene  crystals.   Plagio 
clase  may  exhibit  the  "convolute  zoning  described  by 
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Blackerby  (1968).   Convolutions  are  shown  where  the  pheno- 
crysts  have  apparently  been  embayed  magmatically . 

Biotite  occurs  in  green  and/or  brown  subhedral  to 
anhedral  crystals  with  crenulated  margins  (Fig.  III. 3). 
Green  biotite  crystals  are  pleochroic  according  to  the  scheme 
Z  =  pale  yellow  and  X=Y=reddish  brown.   Biotite  is  frequently 
moulded  around  the  terminations  of  feldspar  crystals  recalling 
a  sub-ophitic  relationship. 

Quartz  and  zircon  crystals  are  sometimes  found  as 
inclusions  exhibiting  with  biotite  a  sieve-like  texture. 
Sphene  crystals  are  frequently  observed  filling  the  inters- 
titial spaces. 

Some  varieties  are  hornblende-bearing  where  specks  of 
hornblende  are  recorded  in  associateion  with  biotite.   Hornblende 
specks  are  slightly  pleochroic  and  show  sharp  contact  against 
biotite. 
b)   Biotite  muscovite  granite: 

Biotite  muscovite  granite  consists  essentially  of 
quartz,  alkalifeldspars ,  plagioclase,  biotite  and  muscovite 
with  accessory  iron  oxides. 

Quartz  forms  anhedral  crystals,  ranging  from  0.7  mm. 
to  3.5  mm.  across  enclosing  minute  crystals  of  zircon, 
muscovite  and  biotite. 

Perthite  forms  subhedral  to  anhedral  crystals  ranging 
in  length  from  0.9  mm.  to  1 . 7  mm.  and  in  breadth  from  0.4  mm. 
to  0.9  mm.   They  are  microcline  and  orthoclase  perthites  of 
the  compound  type.   Pertllite  crystals  may  enclose  corroded 
plagioclasc  crystals.   This  may  indicate  a  period  of  maqm.id-C 
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corr 


osion  that  affected  the  early  formed  plagioclase  crystals 


Thereafter,  conditions  were  favourable  for  the  precipitation 
of  a  perthitic  phase  around  the  plagioclase.   Occasionally, 
perthite  crystals  exhibit  a  myrmekitic  texture.   Microcline 
occurs  either  as  separate  crystals  or  in  perthitic  inter- 
growth  with  albite. 

Plagioclase  forms  rarely  zoned  crystals  of  albite, 
composition  (An  =  10).   They  exhibit  albite-twinning,  and 
more  than  20  lamellae  in  individual  crystal  may  be  observed. 

Biotite  forms  green  and/or  brown  subhedral  to  anhedral 
crystals.   Both  green  and  brown  varieties  are  strongly 
pleochroic,  and  inter laminated  with  muscovite.   Not  uncommonly, 
they  recall  a  subophitic  relationship  with  feldspar  crystals. 

Muscovite  forms  subhedral  to  unhedral  crystals.   They 
may  form  irregular  flakes  charged  with  magnetite  granules 
along  cleavage  planes.   Microprobe  analysis  and  classification 
of  biotites  are  presented  in  Chapter  V. 

Iron  oxides  are  represented  either  by  magnetite  or 
hematite.   Magnetite  forms  either  separate  patches  or 
inclusions  in  biotite,  muscovite  and  quartz  crystals. 
Hematitic  materials  are  observed  along  cleavage  in  the 
feldspar  crystals. 


3.   Post  tectonic  alkaline  granites 


a)   Arfvedsonite  granite 

These  rocks  show  holocrystalline  hypidiomorphic  granular 
texture.   They  are  compoSed  Essentially  of  quartz,  alkaii- 
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feldspars,  plagioclase/  and  arfvedsonite.   Iron  oxides 
occur  in  accessory  amount. 

Quartz  forms  anhedral  crystals,  ranging  from  1.7  mm. 
to  3.2  mm.  across,  which  fill  the  interstitial  spaces  between 
feldspars  but  are  occasionally  enclosed  in  them. 

Alkalifeldspars  are  represented  by  perthite  (and  rarely 
by  antiporthite) .   They  are  subhedral  to  anhedral  occasion- 
ally twinned  crystals,  ranging  in  length  from  1.3  mm.  to  4.3  mm. 
and  in  breadth  from  0.6  mm.  to  1.7  mm.   String  and  flame- 
perthites,  (Fig.  III. 4)  are  the  predominant  types  of  inter- 
growth.   Antiperthitic  intergrwoth  is  also  recognised  with 


mi 


Lcrocline  host  and  albite  inclusions.   Perthite  crystals 


show  both  Carlsbad-  and  Baveno-Twinning. 

Plagioclase  is  present  in  a  relatively  small  amount, 
forming  subhedral  to  anhedral  crystals.   They  are  of  oligo- 
clase  composition  (An  =15).   Plagioclase  crystals  are 
accumulated  in  the  intervening  spaces.   They  may  be  partially 
or  wholly  enclosed  within  the  perthite  crystals. 

Arfvedsonite  forms  anhedral  crystals  (1.7  mm.  and  2.4  mifi. 
diameter)  of  deep  blue  colour.   They  may  appear  moulded 
around  feldspar  terminations  recalling  a  subophitic  relation- 
ship.  Some  arfvedsonite  grains  are  highly  charged  with  iron 
oxides  (Fig.  III. 5).   Geochemistry  of  arfvedsonite  is 
presented  in  Chapter  V. 

Iron  oxides  are  represented  by  magnetite  granules, 
frequently  associated  with  mafics  particularly  with  the 
arfvedsonite. 
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b)   Arfvedsonite-biotite  granite: 

These  rocks  are  holocrystalline  with  hypidiomorphic 
granular  texture.   They  are  composed  essentially  of  quartz, 
alkalifeldspars,  plagioclase,  arfvedsonite  and  biotite,  with 

accessory  iron  oxides. 

Quartz  forms  anhedral  crystals  of  average  diameter 
1.3  mm.   They  show  mass  extinction  and  fill  the  interstitial 
spaces  between  the  feldspar  crystals. 

Alkalifeldspars  are  exclusively  perthite.   They  form 
subhedral  to  anhedral,  occasionally  twinned  crystals,  ranging 
from  2.2  mm.  to  6.7  mm.  in  length  and  from  1.1  mm.  to  2.8  mm. 
in  breadth.   Vein,  rod  and  patch  perthite  are  recorded. 
Perthite  crystals  exhibit  Carlsbad  and  Baveno  types  of 


tw 


inning  (Fig.  III. 6).   A  complex  intergrwoth  is  observed, 


in  which  the  quartz  rods  penetrate  the  perthite  crystals. 

Plagioclase  forms  euhedral  to  subhedral  prismatic 
crystals.   They  show  albite  twinning.   The  anorthite  content 
of  the  plagioclase  is  (An  =  13),  i.e.  oligoclase. 

Arfvedsonite  is  deep  blue  with  slight  pleochroism. 
It  exhibits  sharp  contact  with  feldspar  crystals. 

Biotite  occurs  as  subhedral  to  anhedral  crystals, 
frequently  associated  with  alkali  amphiboles,  and  with 
crenulated  margins. 

Sphene  crystals  exist  in  rhombohedral  form,  enclosed 

either  in  feldspars  or  mafic  crystals. 
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c)   Leucocratic  granite: 

Leucocratic  granite  is  composed  essentially  of  quartz, 
alkalifeldspars,  and  plagioclase.   They  are  devoid  of  mafics. 
Quartz  forms  anhedral  crystals  ranging  from  1.2  mm.  to 
2.4  mm.  across.   They  occur  intruding  alkalifeldspar  crystals. 

Alkalifeldspars  are  mainly  represented  by  perthitic 
intergrowth  between  orthoclase  or  microcline  host  and  albite 
inclusions.   Perthite  crystals,  range  from  2.6  mm.  to  5.0  mm. 
in  length  and  from  1.1  mm.  to  2.0  mm.  in  breadth. 

Three  types  of  perthitic  intergrowths  are  recorded  in 
these  rocks,  ribbon  perthite,  patch  perthite  and  replacement 
perthite.   Two  phases  of  perthite  are  recorded,  where 
perthite  crystals  are  observed  enclosing  smaller  corroded  ones 

Plagioclase  is  present  in  the  form  of  euhedral  to  sub- 
hedral  twxnned  prismatic  crystals.   It  has  anorthite  content 
An  =  10,  i.e.  albite.   Plagioclase  crystals  are  magmatically 
corroded  and  frequently  enclose  quartz  and  magnetite  granules. 
They  also  show  the  well  developed  myrmekitic  texture. 

The  composition  of  the  feldspars  is  presented  in 
Table  (III.l),  which  include  the  microprobe  analyses  of  the 
Abu-Kharif  and  Deloro  feldspars. 
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B)   Petrography  of  the  Deloro  granitic  rocks 
The  Deloro  pluton  consists  of  three  main  granitic 
phases:  calcic  syenite-granite,  peralkaline  riebeckite 
granite,  and  granophyric  granite.   Among  the  three  granitic 
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units,  several  petrographic  varieties  have  been  identified. 
The  petrography  of  the  different  granitic  varieties  is  given 

in  the  following: 

1,   Calcic  syenite-granite 

The  complex  assemblages  of  mafic  minerals  associated 
with  this  suite,  particularly  the  amphiboles,  have  been 
ascribed  by  Kuehnbaum  (1973)  to  the  multiple  intrusive 
history  of  the  calcic  suite  in  which  earlier  phases  have  been 
thermally  metamorphosed  by  the  more  differentiated  later 

varieties. 

The  present  petrographic  investigations  of  the  calcic 
syenite-granites  has  revealed  the  presence  of  an  aenigmatite- 
bearing  variety  (Fig.  III. 7),  in  addition  to  those  previously 
recognized.   Calcic  amphiboles  are  the  main  mafic  constituents. 
Rocks  containing  two,  three  or  four  different  calciferous 
amphiboles  are  characterized  by  varieties  generally  containing 
patchy  replacement  perthite  or  plagioclase  frequently  saussur- 

itized. 

Microprobe  analyses  of  the  calcic  amphiboles  as  well  as 

its  classification  are  given  in  Chapter  (V) . 

It  is  found  that  the  main  mafic  constituent  of  the  calcic 
syenite-granites  are  calcic  amphiboles  covering  a  broad 
compositional  range  extending  from  f erro-actinolite  to 
hastingsite.   Aenigmatite  is  found  only  in  two  specimens 
(P8-145  and  P8-142) ,  where  it  forms  long  prismatic  red  crystals 
characterized  by  high  absorption  that  mask  the  interference 
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colour.   Hastingsite  occur  in  subhedral  to  euhedral  greenish 
yellow  crystals  and  it  is  characteristically  associated  with 
epidote.   compositional  zoning  is  well  developed  in  some 
crystals  (Fig.  III. 8).   Long  prismatic,  unrimmed,  actinolitic 
hornblende  is  also  observed  (Fig.  III. 9).   The  calcic 
amphiboles  are  occasionally  sieved  by  inclusions  of  quartz 
and  apatite  with  occasional  ilmenite,  sphene,  calcite  or 

f luorite. 

Age  relations  between  coexisting  aluminous  amphiboles 

may  be  obscured  by  a  high  degree  of  intergrowth  of  the  two 
or  more  phases.   These  mixtures  can  occur  as  large  patches 
(1  mm.),  probably  representing  the  breakdown  of  a  once- 
homogeneous  phase,  and  original  grain  outlines  may  be 

preserved  (Kuehnbaum,  1973) . 

Feldspars  establish  subhedral  to  anhedral  coarse  grain 
size  crystals  (2  to  3  mm. ) ,  with  fine-grained  material 
appearing  in  some  of  the  more  granulated  specimens.   Hetero- 
geneity of  the  feldspar  types  in  this  suite  is  related  to  the 
complexity  of  the  calcic  amphiboles.   Kuehnbaum  (1973)  pointed 
out  that  estimates  of  bulk  composition  range  from  mesoperthitic 
(microcline  slightly  greater  than  albite)  to  virtually  pure 
albite.   Feldspar  type  may  vary  from  albite  to  antiperthite, 
to  string  mesoperthite  and  microcline  perthites.   Presence 
of  interperthitic  albite  rinds  imply  similarities  of  formation 
with  the  poralkaline  riebeckite  granites.   Lamellar  varieties 
or  exsolution  are  infrequent;  however,  patchy  to  braid 
perthites  predominate,   specially  in  rocks  with  a  high 
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albite/microcline  ratio,  suggesting  that  these  types  might 
be  due  to  replacement  combined  with  exsolution. 

Carlsbad-  or  Manebach  twinned  perthitic  albite  zoned 
to  patchy  antiperthite  confirm  an  original  high-temperature 
phase  (Kuehnbaum,  1973).   Inclusions  of  random  or  oriented 
needles  of  amphibole,  apatite,  chlorite,  biotite  and  zircon 
are  recorded  in  the  feldspars,  while  hematization  is  observed 


qu 


ite  frequently  along  its  cleavage  planes 


2.   Peralkaline  riebeckite  granite 


Three  petrographic  varieties  have  been  identified 
within  the  peralkaline  granitic  phase.   These  are  riebeckite 
biotite  granite,  riebeckite  granite  and  leucocratic  granite, 
A  summary  of  the  petrographic  characteristics  of  each 
petrographic  variety  is  given  below: 

a)   Riebeckite  biotite  granite 

The  riebeckite  biotite  granite  is  holocrystalline  with 
hypidiomorphic  granular  texture.   It  is  composed  essentially 
of  quartz,  alkali  feldspars,  alkali  amphiboles,  biotite  and 
ilmenite  with  accessory  zircon,  hematite,  calcite,  fluorite, 

chlorite,  pyrite  and  sphene. 

Quartz  forms  xenomorphic  crystals  with  sharp  contacts 
against  feldspar  and  mica  crystals,  and  are  occasionally 

losed  in  them.   Granophyric  i^itergrowths  are  occasionally 
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observed . 
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Alkali  feldspars  are  mainly  microcline  perthite,  as 
subhedral  to  anhedral  crystals.  String  and  rod  perthites  are 
the  most  common  types  of  perthitic  intergrowths  (Fig.  III. 10). 
Alkali  feldspars  frequently  enclose  tiny  grains  of  quartz 
zircon,  biotite  and  riebeckite.   Only  in  rocks  where  there 
exists  obvious,  intense  surface  weathering  does  sericitization 
occur  (Kuchnbaum,  1973).   Although  the  entire  albite  component 
of  the  examined  granites  may  be  within  perthite,  thin  rims 
of  secondary  albite  between  perthite  are  widespread  (Fig.  III. 11) 
The  composition  of  the  feldspars  is  listed  in  Table  (III.l). 

Riebeckite  occurs  in  deep  grennish  blue,  subhedral, 
slightly  poikilitic  crystals.   In  some  of  the  more  massive 
grains  of  the  alkali  amphiboles,  a  fine  dusting  of  oxides 
has  developed  specially  along  cleavage  planes. 

Biotite  occurs  in  brown  subhedral  to  euhedral  crystals. 
Feldspar  crystals  are  sometimes  found  as  inclusions  within 
biotite  exhibiting  a  sieve-like  texture.   However,  biotite 
is  occasionally  moulded  around  the  terminations  of  feldspar 
crystals  recalling  a  sub-ophitic  relationship.   Alteration 
of  biotite  to  a  pale  yellowish  green  penninitic  chlorite  is 
widespread,  preferentially  over  the  attack  of  the  riebeckite. 
Biotite  most  commonly  forms  on  the  exterior  portion  of  the 
riebeckite  grains,  and  the  distinctive  reaction  relationship 
is  not  apparent.   Saha  (1959)  has  suggested  that  the  biotite 
is  late  stage  hydrothermal  in  crystallization  and  that  it 
grew  by  reaction  with  the  riebeckite. 
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In  1973,  Kuehnbaum  observed,  in  some  thin  sections, 
that  acicular  grains  fringe  large  plates  of  biotite  or 
massive  riebeckite  may  entirely  envelop  several  rather 
leached-looking  biotites.   He  assumed,  accordingly,  that  both 
are  generally  in  mutual  equilibrium  and  that  crystallization 
was  essentially  simultaneous. 

Microprobe  analyses  and  the  classification  of  the 
biotites  and  the  alkali  amphiboles  are  presented  in 

Chapter  (V) . 

Ilmenite,  zircon,  fluorite,  sphene  and  calcite  are 
the  predominant  accessory  minerals.   Microprobe  analyses  of 
ilmenite  is  listed  in  Table  (III. 2). 
b)   Riebeckite-granite 

Riebeckite  is  the  only  essential  mafic  mineral  in  some 
specimens  (P8-122  and  P8-136,  and  others),  of  the  peralkaline 
granites.   That  petrographic  variety  (riebeckite  granite) 
is  composed  essentially  of  quartz,  feldspars  and  riebeckite 
with  accessory  ilmenite,  zircon  and  fluorite. 

Quartz  develops  anhedral  crystals  filling  the  inter- 
vening spaces  between  the  feldspar  crystals.   It  shows  mass 
extinction  and  occasionally  contains  inclusions  of  iron 
oxides.   Feldspars  are  mainly  represented  by  microcline 
perthite  as  well  as  secondary  albite.   Both  ribbon  and 
string  perthite  are  the  predominant  perthitic  types 

(Fig.  III. 11) . 

Two  phases  of  perthicic  intergrowth  are  recorded  where 

perthite  crystals  are  observed  enclosing  smaller  cortoded 
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ones.   Carlsbad  twinning  is  frequent  and  gives  rise  to  the 
familiar  "herringbone"  pattern  observed  in  many  epizonal 
granitic  intrusions  (Toulmin,  196  0,  Jacobson  et  al.  (1958). 
Acicular  needles  of  riebeckite  as  well  as  quartz  grains 
are  observed  as  inclusions  in  perthites. 

Several  stages  of  recrystallization  of  the  rocks  can 
be  traced  using  the  feldspars  as  indicators  of  the  process 
(Saha,  1957).   Thin  rims  of  albite  between  perthites  are 
widespread  (Fig.  III. 11).   The  "free"  albite  in  this  case  is 
in  optical  continuity  with  the  albite  of  the  perthite. 
The  next  stage  (2)  according  to  Saha  (1957),  is 
recognized  by  fine,  granular,  clear  albite  in  different  orient- 
ations from  the  albite  in  the  perthite.   In  1973,  Kuehnbaum 
pointed  out  that  the  development  of  two  rows  of  albite  granules 
is  restricted  to  perthite-perthite  margins,  whereby  one  row  of 
albite  is  optically  continuous  with  the  albite  of  the  perthite 
separated  from  its  corresponding  free  albite  by  the  second 
row.   This  exsolved  albite  is  untwinned.   Ramberg  (1962)  has 
discussed  this  feature  in  detail.   Quartz  may  also  be  present 

in  these  rinds. 

Large  crystals  of  twinned  albite  (up  to  2  mm.)  form  by 
the  third  stage  (Saha,  1957).   At  this  point,  albite  still  forms 
only  at  perthite-perthite  margins,  and  never  at  perthite-quartz 
interfaces,   veins  of  albite,  with  or  without  quartz  or  calcite 
may  cut  the  perthites  at  this  stage  (Fig.  III. 12).   Lastly, 
perthites  with  sutured  margins  sit  in  a  mesostasis  composed  of 
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relatively  fine-grained  quartz,  albite  and  often  microcline, 
all  the  feldspars  are  well-twinned  (Kuehnbaum,  1973). 

Ramberg  (1962)  has  concluded  that  the  intergranular 
precipitation  of  albite  in  deep-seated  rocks  must  be  due  to 
the  unmixing  of  Na-k  feldspars,  due  to  low  nucleation  energy 
of  albite  at  feldspar-feldspar  margins. 

In  1976,  Martin  and  Benin  considered  the  albite  that 
borders  perthite  grains  -  in  their  case  study  -,  to  be  of 

hydrothermal  origin. 

The  amount  of  "free  albite",  in  the  peralkaline  riebeckite 

granite  has  been  correlated  by  Saha  (1957),  to  the  amount  of 
microcline  present  in  the  rock.   He  concluded  that  the 
"secondary  albite"  of  these  rocks  is  due  to  a  state  of   late- 
stage  stress  with  granulation  assisting  the  exsolution  of 
albite  from  the  perthitic  feldspars.   The  granulation  is 
accompanied  by  a  progressive  reduction  in  the  grain  size  of 

quartz . 

Both  riebeckite  and  crooidolite, fibrous  variety  of 

riebeckite,  are  recorded.   Riebeckite  occurs  in  subhedral  to 

anhedral,  poikilitic,  ragged,  inclusion-filled  grains.   The 

ragged  nature  of  this  type  gives  the  impression  that  the 

amphibole  crystallized  late  and  has  digested  its  way  into 

surrounding  feldspar  and  possibly  quartz  (Kuehnbaum,  1973). 

Such  grains  may  partially  or  completely  enclose  quartz  or 

feldspar  crystal  giving  rise  to  sub-ophitic  or  ophitic 

textures  (Fig.  III.  13).   In  the  poikilitic  grains,  inclusions 
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are  ilmenite,  fluorite,  zircon,  quartz,  feldspar  and  sphene. 
Riebeckite  is  usually  deep  greenish  blue  in  colour  and  shows 
high  pleochroism.   It  is  pleochroic  according  to  the  scheme: 

X  =  deep  dark  blue 

y  =  dirty  green,  bluish  green, 
greyish  blue 

X  =  greenish  yellow,  beige 

In  the  centres  of  some  of  the  larger,  more  massive  grains 

of  alkali  amphibole,  a  fine  dusting  of  oxides  has  developed, 

the  border  remaining  clear,  this  feature  may  possibly 

indicate  increasing  oxidation  with  crystallizations 

(Kuehnbaum,  197  3) . 

c)   Leucocratic  granite 

Leucocratic  peralkaline  granite  is  made  up  essentially 
of  ejuartz  and  feldspars.   Accessory  minerals  are  mainly 
represented  by  ilmenite,  zircon,  chlorite,  iron  oxides  and 

sphene. 

Quartz  forms  anhedral  crystals  filling  the  interstitial 

spaces  betwccMi  feldspars,  and  occasionally  enclosed  in  them. 

Feldspars  are  exclusively  microcline  perthites .   Saha 

(1957)  has  indicated  that  the  lamellae  plane  is  nearly 


parallel  to  (100)  of  the  albite  phase,  but  occasionally 
braided  perthite,  showing  two  directions  of  exsolution,  has 
irrational  lamella  orientation.   The  absence  of  discrete, 
primary,  albite  grains  reflect  the  hypersolvus  nature  of  the 
examined  granites.   Secondary  albite  is  developed  mainly 
along  perthite  margins.   Braided  and  string  perthites  aire 
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the  predominant  perthitic  types  (Fig.  III. 14).   Both 
Carlsbad  and  Baveno  twinning  (Fig.  III. 15)  are  recorded. 
Alterations  even  in  cases  where  mafic  minerals  have  been 
heavily  attacked,  are  uncommon,  but  hematization,  however, 
is  present  in  many  specimens.   Rarely  does  it  reach  a  heavy 
state  and  may  be  accounted  for  by  oxidation  of  Fe  held  in 

lid  solution  in  the  original  high-temperature  feldspars. 
The  perthitic  crystals  frequently  enclose  chlorite,  ilmenite, 
zircon  and  iron  oxides. 

Microprobe  analyses  of  feldspars  are  listed  in 

Table  (III.l). 


Granophyric    granite 


The  quartz  feldspar  intergrwoths  (Fig.  III. 16),  as 
well  as  the  lack  of  peralkalinity  in  this  phase  are  the 
predominant  criteria  for  the  separation  of  the  unit. 
Kuehnbaum  (1973)  pointed  out  that  the  alteration  of  mafic 
minerals  is  predominant,  but  the  feldspars  have  remained 
remarkably  fresh.   Solution  pits  of  pyrite  and  hematite 

are  common. 

Normal  granophyre  as  well  as  a  fine  grain  size  variety 
with  the  development   of  intergrown  patches  of  quartz  and 
alkalifeldspars,   often  giving  rise  to  radiating,  spherulitic 
aggregates,  have  been  recognized  (Fig.  III. 17). 

Quartz  forms  xenomorphic  crystals  and  occur  either  as 
individual  crystals  or  in  graphic  intergrwoth  with  feldspars. 
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This  type  of  intergrowth  varies  from  wormy  granophyric  in 
texture,  through  to  micrographic  in  which  triangular 
quartz  grains  are  common  (Kuehnbaum,  1973).   The  feldspars 
are  complex  in  character  and  type.   Microcline  microperthite 
is  the  predominant  feldspar  within  the  quartz-feldspar  inter- 
growth, with  cryptoperthitic  (rarely  microperthitic)  albite 
forming  phenocrysts  up  to  1.5  mm.  across  (Saha,  1957).   Fine, 
subhodral  crystals  of  muscovite  with  crenulated  margins  are 
recorded.   Not  uncommonly  they  are  altered  to  chlorite  and 

iron  oxides. 

The  accessory  minerals  are  mainly  represented  by 
muscovite,  magnetite,  pyrite  euhedra,  hematite  and  chlorite 

(as  alteration  products),  as  well  as  biotite,  fluorite, 

zircon  and  calcite. 
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Table(ill.l);    Microprob^:^  anal/sis  of  the   Abu-Kharii   and  Delorx)   feldspars 
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The  Abu-Kharif  samples 

From  1     to  4   ;   granodiorites 

5     to  10;   calc-alkaline  granites 

11     to  14;    alkaline  granites 

The  Deloro  samples 

From  15  to  18;    calcic  syenite-granites 

19  to  24;   peralkaline  granites 

25  to  27;   granophyric  granites 
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CHAPTER  IV 
PETROCHEMISTRY  AND  GEOCHEMISTRY 
OF  THE  ABU-KHARIF  AND  DELORO  GRANITIC  ROCKS 
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CHAPTER  IV 
PETROCHEMISTRY  AND  GEOCHEMISTRY 
OF  THE  ABU-KHARIF  AND  DELORO  GRANITIC  ROCKS 
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Introduction 

The  granitic  rocks  of  the  Abu-Kharif  and  Deloro 
complexes  belong  to  two  different  Shields:  the  Nubian 
Arabian  Shield  and  the  Canadian  Shield,  respectively. 
Much  field  and  petrographic  work  has  been  done,  but  few 
geochemical  investigations  have  been  completed  and  published 

on  these  granites. 

The  petrochemistry  and  geochemistry  of  the  different 
granitic  phases  as  well  as  the  resulting  behavior  of  the 
trace  elements  in  the  genetic  processes  of  the  two  granitic 
complexes  arc  the  target  of  this  study.   The  abundance  and 
distributions  of  selected  Rare  Earth  Elements  (REE),  Rb,  Sr, 
Ba,  Cs,  Cr,  Sc,  Co,  Zr,  Hf ,  Ta,  Y,  U  and  Th  were  determined 
for  six  granitic  rock  units.   This  being  the  first  attempt 
to  undertake  such  study  of  the  Abu-Kharif  and  Deloro 

complexes. 

Goldschmidt  (1954)  assumed  that  no  significant  degree 
of  relative  fractionation  can  be  observed  among  the  REE. 
It  is  well  known  by  now  that  this  assumption  is  incorrect 
and  that  fractionation  among  the  REE  is  very  common  in  igneous 
rocks  (Haskin  et  aj^.  19  66,  Strong  et  al.  1982). 

The  last  decade  has  been  marked  by  an  extensive  use 
of  trace  elements  in  pet!rog^!netic  problems.   The  use  of  sUdh 
studies  has  been  restricted  almost  exclusively  tO  basalts 
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and  related  rocks  with  fewer  studies  on  acidic  and  particular- 
ly granitic  rocks. 

A  number  of  significant  problems  concerning  these 

plutons  can  be  resolved  by  use  of  trace  elements.   Such 
problems  as  contrasting  crystallization  histories,  whether 
or  not  certain  plutons  are  co-magmatic,  and  the  ultimate 
origin  of  the  granitic  magma  can  all  be  illuminated  by  trace 
element  studies  (Tauson,  1967). 

29  chemical  analyses  representing  11  different  types 
of  Abu-Kharif  granitic  rocks  and  18  samples  of  Deloro  granitic 
rock  types  are  shown  in  Table  (IV. 2).   These  results  are 
compared  with  the  world's  average  as  given  by  Nockolds 
(19  54).   In  addition,  the  average  of  some  analysis  of 
Egyptian  granites  as  well  as  some  Canadian  granites  are 
yivcn  in  Table  (IV. 3)  for  purpose  of  comparison. 

Rare  Earth  Elements  as  well  as  nb,  Ba,  Cs,  Cr,  Sc, 
Co,  Hf  and  Ta  were  analysed  in  twenty  new  samples  from 
both  the  Abu-Kharif  and  Deloro  granitic  rocks  by  using  the 
Neutron  Activation-Technique.   Zr,  Sr,  Y,  U  and  Th  for  the 
same  samples  were  also  analysed  by  the  author  using  X-ray 
fluroescence  on  pure  powder  rock  pellets.   The  results  of 
the  trace  element  analyses  are  shown  in  Table  (IV. 6). 
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Analytical  Techniques 


(1)   Neutron  activation  analysis 

The  neutron  activation  analysis  has  been  done  using 
the  Slowpoke-2  nuclear  reactor  at  the  University  of  Toronto. 

The  irradiation  of  samples  was  done  in  a  thermal 
neutron  flux  of  2.5  x  10"  n/cm?S .  at  a  power  of  5  kw.   The 
gamma-ray  detection  system  consisted  of  an  Intrinsic- 
Germanium  detector  coupled  to  a  8192-channel  pulse  -  height 
analyser  (Canberra  Series  80),  and  printer.   Counting  for 
short-lived  radioactive  species  (half  lives  1  to  11  days) 
was  usually  carried  out  a  week  after  irradiation,  while 
counting  for  the  longer-lived  ones  (half  lives,  few  days 
to  13.2  years)  was  done  30  to  40  days  after  irradiation. 

The  Canberra  multi-channel  analyser  produced  net 
peak  areas  and  counting  statistical  data.   The  trace 
element  concentrations  were  calculated  by  comparing  the 
areas  of  the  sample  peaks  with  those  of  the  rock  standard 
(UTBl),  whose  trace  element  composition  is  well  known, 
after  having  corrected  these  areas  for  such  factors  as 
interference,  difference  in  sample  weight  and  time  elapsed 

after  irradiation. 

Preparation  of  samples  and  standards  for  irradiation: 
About  0.2  gm.  of  very  finely  powdered  rock  sample  or  standard 
(size  of  about  200  mesh)  were  accurately  weighted  and  put 
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in  20  X  14  mm.  plastic  sheets,  and  closed  perfectly  by 
sealing  along  the  borders. 

For  mineral  separates  (biotite,  amphibole  and  alkali 
amphibole),  a  weight  of  about  0.5  gm.  of  the  fine  powder 
was  used  in  order  to  compensate  the  expected  low  REE  concent- 
rations in  such  minerals. 

About  12  such  sample  bags  with  one  bag  of  the  standard 
(UTBl)  -  for  which  the  trace  element  composition  is  well 
known,  were  placed  in  polyethelyne  capsules.   The  capsules 
were  irradiated  for  16  hours  in  the  Slow  Poke-2  reactor. 
The  samples  and  standards  were  allowed  to  cool  for  5  days 
after  the  end  of  irradiation  and  then  counted  after  a  7-day 
and  a  40-day  intervals. 

Rare  Earth  Elemennts  and  other  trace  elements  (e.g. 

Rb,  Ba,  Hf,  Ta,  Cs ,  Sc,  Co, )  for  20  new  rock  samples  and 

eleven  new  mineral  separates  from  both  the  Abu-Kharif  and 
Deloro  rocks  have  been  analysed  in  this  way. 

The  J{-ray  energies  of  the  REE  used  for  the  present 
study  are  shown  in  Table  (IV.l). 
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TABLE  (iV.i);  iJ-ray  energies  of  REE,  used  for 

the  present  study. 
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144 


147 
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Ce 
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153 


152 


Sm 


Eu 


160 


175 
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Yb 


177 


Lu 


Radio-nuclide    Stable 
Produced        Nuclide 


139 


140 


146 
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152 


151 


Sm 


Eu 


159 


174 


Tb 


Yb 


176 


Lu 


Half  life  of 
radioisotope 


40.30  h 
35.50  d 

10.98  d 

46.44  h 

13.20  y 
72.10  d 

4.21  d 

6.71  d 


"J^-ray  energy 
used  (Kev) 


1595.40 
145.40 

91.03 

103.20 

1408.02 
298.58 

282.52 

208.40 
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(2)   X-ray  Fluorescence 

X-ray  fluorescence  spectrometry  used  to  determine  the 
concentration^ -of  the  following  elements  Zr,  Sr,  Y,  Th  and 

U  at  the  ppm  level. 

The  procedure  included  the  preparation  of  pressed 
pellets,  in  which  about  3  gm.  of  each  sample  was  partially 
encapsulated  with  Boric  acid  at  a  ram  pressure  of  about 

5  tons  per  square  inch. 

The  pellets  were  loaded  8  at  a  time  into  a  computer 
controlled  Siemens  SRS,  XRF  spectrometer.   The  other  two 
positions  were  occupied  by  standards  UTBl  and  SRO. 

The  operating  conditions  were: 
Molybdenum  x-ray  tube  excited  at  60  kv.  and  current  of 
50  m.A  at  the  power  of  3  Kw. 

Counting  periods  were  200  sec.  (for  peaks)  and  100  sec. 

(for  the  background) . 

Each  rock  sample  was  run  in  duplicate  against  a 
secondary  standard  (UTBl),  extensively  used  at  University 

of  Toronto. 

The  technique  used  for  absorption  corrections  was 
based  on  background  measurements  with  a  precision  of  about  5%. 
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Petrochemistry 
of  the  Abu-Kharif  and  Deloro  granitic  rocks 


The  results  of  chemical  analysis  of  Abu-Kharif  and 
Deloro  granitic  rocks  (carried  out  by  Abdel-Rahman,  1979 
and  Kuehnbaum,  1973  respectively)  are  compared  with  the 
world's  average  granite  of  Nockold's  (1954)  as  well  as  the 
average  of  some  Egyptian  and  Canadian  granites  (see  Table 

IV. 2  and  IV. 3) . 

A  survey  of  the  chemical  analysis  of  the  granitic 
rocks  of  Abu-Kharif  and  Deloro  complexes,  clearly  shows  that 
the  majority  of  these  granitic  rocks  compare  rather  well 
with  the  average  results  of  the  Egyptian  granites  (Geological 
Survey  of  Egypt,  1976)  and  the  average  of  some  Canadian 
granites  (Strong  and  Dupuy,  1982),  as  well  as  those  of 

Nockald's  (1954). 

Bulk  chemical  analysis  have  been  recalculated  to  show 
molecular  norms  (Table  IV. 4)  and  Niggli  values  (Table  IV. 5). 

some  petrochemical  characters  of  the  examined  rocks 


w 


ill  be  dealt  with  in  the  following: 


(1)   Normative  composition; 

Normative  minerals  of  Abu-Kharif  and  Deloro  granitic 
rocks  calculated  on  the  basis  of  the  chemical  analysis,  are 
shown  in  Table  (IV. 4).   The  normative  albite,  orthoclase 
and  quartz  are  recalculated  to  100%  and  are  plotted  on  the 
ternary  diagram  Ab-Or-Qz,  the  "residua  diagram"  of  Tuttle 
and  Bowen  (19  58) . 


I 


! 


:t 


ii 


^ 


\ 


w 


{h 


75- 


^l(^. 


03 
U 


O 


n 


d 


(tj 


(U 


U 
Q) 


•H 
0) 


c 


u 


CN 


a 


1^ 

rH 

in   1 

r  <    ID 
(I. 

• 

• 

o 

CN 

• 

rH 

• 

r-i 

(N 

in 

• 

rH 

• 

o 

o 

t 

o 

in 

ON 

• 

rH 

vo 

• 

• 

'J' 

i 

• 

o 

vo 

in 

• 

CO 
ON 

'T 
•  i 
•r   1 
^     uo 

rH 

• 

in 

• 

<N 

• 

rH 

CN 
CN 

• 

CN 

in 

CN 

t 

00 

00 
CN 

• 

o 

ON 

• 

o 

00 

• 

m 
r- 

• 

in 

o 

1 

CN 

t 

o 

in 

• 
ON 

<TV 

CN 

rn   rH 
rH   1 
03 
Oi 

no 

ON 

• 

in 

o 

• 
rH 

in 

• 

CN 

t 

• 

CM 
CN 

• 

o 

CN 
CN 

• 

rH 

in 
in 

• 

in 

o 

• 

vo 

in 
in 

• 

1 

in 

00 

t 

o 

00 
ON 

• 

00 

12 

P8-141 
1 

• 

in 

00 

o 

• 
r-i 

in 

• 

(N 

CN 

• 

in 

in 

t 

00 

• 

o 

O 

o> 

• 

o 

ON 

• 

ON 

• 

CN 

• 

1 

ro 
vo 

• 

o 

in 

• 

00 
CTN 

rr> 

rH 

• 

rH 

• 

o 

o 

• 
rH 
rH 

r-i 
1-i 

• 

rH 

O 

• 

CN 

ON 

o 

• 

o 

r-i 

• 

o 

CN 
ON 

• 

o 

00 

• 

CO 

vo 

• 

CO 

r-i 

• 

o 

vo 

o 

• 

o 

ro 
in 

• 
ON 
ON 

10 

AKlOfc 

< 

m 

• 

in 

• 

o 

(N 

r-i 

• 

r-i 
r-i 

o 

r-i 

• 

rH 

in 

• 
r-i 

00 

o 

• 

o 

o 

CN 

• 

o 

00 
CN 

t 

rH 

00 

r-i 

• 

in 

CN 

m 

• 

vo 

r-i 

• 

o 

o> 
o 

• 

o 

00 

• 

CJN 
ON 

rH 
<T\    rH 

CN 

• 

o 

CN 

• 

o 

r-i 
O 

• 

rH 
rH 

o 
o 

• 
rH 

VX> 

• 

CN 

CN 

• 

o 

in 

CM 

• 

o 

CN 

• 
rH 

m 

o 

• 

in 

o 

• 

vo 
O 

• 

o 

ON 

o 

• 

o 

VO 

VO 

t 
ON 
ON 

00   g 

00 

• 

rH 

• 

o 

in 

• 

rH 

• 

o 

O 

• 

O 

in 
o 

• 

o 

CN 

• 

o 

00' 

• 
r-i 

• 

m 

r-i 

o 

• 

00 

ro 

• 

o 

r-i 

fH 

• 

o 

vo 

• 
(3N 
ON 

00 
rH 

< 

• 

in 

o 

t 

O 

t 

rH 

o 

• 

o 

in 
o 

• 

o 

in 

CN 

• 

o 

CN 
CN 

• 

r-i 

rH 

• 

m 

CN 

• 

ro 

r-i 

• 

o 

o 

• 

o 

ro 

• 

ON 
ON 

• 

rH 

rH 

• 

o 

• 

CO 
rH 

CN 

• 

o 

<7N 

• 

O 

o 

• 

o 

m 

• 

o 

t 
rH 

in 

• 

in 

00 

• 

ro 

• 

O 

o 

r-i 

• 

o 

C7N 

r-i 

• 

o 
o 

r-i 

o 
in  00 

• 

CN 

o 

• 

o 

rH 

• 

rH 

00 

t 

o 

ON 
00 

• 
r-i 

o 

• 

o 

r-i 

• 

o 

<Ti 

• 
r-i 

00 

r- 

• 
C*l 

<N 

• 

CN 

• 
o 

ON 

o 

■ 

o 

o 

• 

o 

o 

r-i 

o 

fH 

• 

rH 

• 

o 

CN 

• 
rH 

in 

• 

o 

CN 

t 
r-i 

p* 
o 

• 

o 

o 

ON 

• 

00 

• 

r-i 

o 
in 

• 

in 

• 

ro 

in 

in 

• 
o 

in 

H 

o 

CN 

• 

<7N 
ON 

CN 

• 

VO 
CN 

• 

o 

O 

• 

rH 

• 
r-i 

CN 

cn 

• 
CN 

o 

rH 

t 

o 

00 

• 

CM 

VO 

o 

• 
CN 

ON 

• 

ro 

in 

• 

CN 

<JN 

• 

O 

iH 
iH 

• 

O 

O 

• 

Ch 

CN 

< 

CTl 

• 

o 

rH 

<N 

• 

O 

CO 

• 
rH 

<N 

• 
r-i 

00 
CN 

• 

rH 

o 

• 

o 

CN 
00 

• 

iH 

o 

0^ 

• 

r-i 

vo 

ON 

• 

in 

o 

• 

ro 

00 

• 

o 

r-i 
r-i 

• 

o 

00 

• 

CJN 
C7> 

o 

rH 
rH 

t 

0 

2S 

in 
o 

• 

CN 
O 
•H 
C/) 

• 

o 

o 

• 

in 

rH 

1^ 

in 

• 

,-i 

• 

CN 

ON 

o 

• 

o 

ON 

• 

r-i 

CO 
r-i 

• 

CN 

vo 
00 

• 

ro 

• 

CN 

ro 
in 

• 

o 

r-i 
r-i 

• 

o 

ON 
00 

■ 
(3N 
C3N 

CN 

o 

•H 

rH 

1 

1 

o 

O 

^  (d 
u 

O 

(N 

O 
CN 

CN 

f 

i 

O 

i'i 


!f 


"i 


n> 


■'    V' 


-7<^ 


ji3. 


0) 


(J 


(N 


9 


29 

P8-140 

fH 

• 

•H 
iH 

• 

O 

• 

CN 
iH 

• 

rH 

o 

• 
r-i 

CN 
O 

• 

o 

CN 

rH 

• 

O 

c 

c 

3 

r 

• 

3 

r-i 

• 

in 

CN 

in 

• 

rfi 

1 

• 

o 

in 

• 

CT> 

28 
P8-139 

• 

o 

• 

o 

m 
in 

• 

CM 

fH 

OX 
m 

• 

o 

00 

in 

• 

o 

m 

o 

• 

o 

o 

• 

o 

0 

V 

o 
• 

3 

CO 

• 

0> 
cs 

• 

1 

fH 

in 

• 

o 

ro 
CM 

• 

26       27 

P8-127  JP8-144 

\ 

o 

• 

fH 
(N 

• 

O 

• 
o 

fH 

o 

rH 

• 
CN 

• 

CN 

in 

r-i 

• 

o 

rH 

• 

o 

( 
I 

r 

n 

• 

H 

o 

r-i 

• 

00 

• 

CN 

1 

ro 

• 
o 

c» 

• 

m 

rH 

• 

rH 
O 

• 

o 

fH 

• 

o 

fH 

• 

CN 

CN 
00 

• 

CN 

o 

r-i 

• 

o 

o 

• 

o 

V 

( 

• 

CN 

• 
in 

o 

• 

1 

r-i 

• 

o 

GO 

• 

00 
<Ti 

1 

25 

P8-121 

iH 

• 

fH 

• 

o 

<3\ 

• 

.H 
iH 

• 

o 

O 

• 

r-i 

o 

• 

o 

in 
o 

• 

o 

in 

• 

o 

CN 

• 

(N 

• 

1 

00 
CN 

• 

o 

r-i 

• 

00 

1 

24 
P8-119 

o 

• 

in 

o 

• 

in 

• 

fH 
(H 

CN 

in 

• 

o 

• 
r-i 

o 

• 

o 

o 

t 

o 

ro 

• 

o 

c*^ 

• 

00 

in 

• 

1 

r-i 
CN 

• 

O 

00 

ro 

• 

23 
P8-118 

O 

• 

o 

• 

00 
00 

• 
rH 
rH 

fH 

m 

• 

o 

• 

r-i 

o 

• 

o 

00 

r-i 

• 

o 

ro 

• 

o 

o 

• 

in 

in 

• 

1 

r-i 
CO 

• 

o 

in 

• 

o 
o 

r-i 

j^— 

rH 
fH 
(N    1 
CN   U> 

04 

0^ 

• 

in 

o 

rH 

• 

o 

• 
fH 

• 

o 

• 

rH 

r- 
o 

• 

o 

CM 

• 

O 

o 

• 

o 

in 

• 

• 

1 

r-i 
CM 

t 

o 

in 

• 

en 

21 
P8-116 

CN 

in 

• 

00 

o 

• 

o 

• 

<N 

rH 

• 

o 

in 

• 
r-i 

o 

• 

o 

o 

• 

o 

• 

o 

CN 

• 

• 

1 

CN 

ro 

• 

o 

OS 

in 

f 

00 

20 
P8-114 

• 

O 

• 

o 

in 
o 

• 
r-i 
H 

00 

o 

• 

o 

in 
in 

• 

r-i 

O 

• 

o 

m 
o 

• 

o 

00 

m 

• 

o 

00 

r-i 

• 

CN 

• 

4 

1 

o 
ro 

• 

o 

VO 

• 

\o 
(y\      r-t 
fH   1 

00 

04 

■  !• 

Oj   I>  1 
r  (    rH 
1 
UJ 

Oi 
(J^ 

r-^          1 
00 
04 

(X) 
VO    rH 

<H   1 
00 
0* 

• 

in 
vo 

00 

ro 

t 

00 

in 

fN 

• 

O 

00 

• 

in 

rH 

• 

in 

• 

CN 

00 

o 

• 

o 

o 

• 

o 

en 

• 

o 

in 

• 

in 

r-i 

• 

1 

in 

• 

o 

ro 
00 

• 

GO 

00 

o 

■  • 

• 

H 

O 

in 

• 

rH 

• 

00 

CN 

• 

o 

• 

o 

• 

OX 

• 

in 

r-i 
CM 

• 

1 

f 

o 

in 
o 

• 

rH 

• 

00 

in 

o 

• 
rH 

• 

CN 
r-i 



CN 
r-{ 

• 

• 

rH 

m 

• 

o 

CN 

r-i 

• 

r-i 

o 

• 

o 
o 

in 

00 

• 

ro 

1 

in 
o 

m 

OG 

o 

• 

fO 
U9 

CO 

in 

• 

o 

in 

• 

rH 

00 

t 

m 

00 

o 

• 

in 

r-i 

• 

o 

CN 

• 

o 

O 
CN 

• 

• 

ro 

• 

1 

a 
in 

a 

<T 

> 

Sample 
No.    ' 

CN 

O 

•H 

CN 

o 

H 

O 

CN 

H 

c^ 

O 
0) 

1 

O 

u 

O 

CN 

z 

O 
CM 

b 

CM 

32 

+ 
O 

CN 

^ 

Q) 


d  0)  0) 

(d  -P  -u 

MH  H 

I  in  (d 

0)  M  M 

4J  tr>  D^ 

•rH 

C  0)  u 

Q)  C  H 

>.rl  M 

W  rH  >1 

a^r\  r^  o 

U  (tJ  c 

H  M  m 

(tJ  0)  M 


0) 


u  a  cp 


ox  t^  ox 

rH  CM  CN 

0  0  0 
4J  +J  +J 

CM  O  00 
rH  CN  CN 


(0 


m  (A 

•H, 

0)  c 

c  Id 

\tiri  U 

Q)  rH  a< 
■P  (d 

•H^  (U 


0  Id -5 

H    I    f-J 

fHha  0  Id 


(U 


a 


u 


rd 

I 

5 


OH  ^ 
C  OJ  H 

Id  u  Id 
u 

■H  H 

u  c  fl 

H  O  O 

0  o  u 

4J    0)  0) 

4J  a>  -u 

C  -P  «fl 

>iid  0 

(A  rH  O4 


ro  00  rH 
0  0  0 

iJ  ♦J  +J 

r^'*a\ 

I 


IM 


'1 


'  ! 


^-i 


7  7 


^. 


S 

•H 


CP 


m 


•H 


(0 


o 


i 

5 


>   0) 
(T3 

U  >^ 
0)  (D 
H   > 


M 


0) 
•H      -P 

»^ 

o 

in 

00 

ro 

in 

VD 

CN 

r-^ 

ro 

■^ 

r^ 

o 

rH      -H 

00 

CN 

[^ 

r^ 

H 

o 

CN 

• 

r^ 

in 

0 

iH 

0 

•^ 

9 

o 

• 

fd     C 
^     cd 

• 

• 

o 

• 

• 

o 

• 

o 

O 

o 

ro 

in 

O 

o 

o 

i,,^ 

rH         }-l 

r- 

fH 

o 

-^ 

<       tT> 

r-\ 

LD 

<T> 

H 

0) 

"^^ 

•H 

yj 

rH 

. 

(d 

Ti 

^  cn 

H 

rH     Q) 

00 

r>- 

\D 

*^ 

[^ 

vo 

CN 

PO 

00 

VD 

00 

ro 

o 

0 

fd  -P 

o 

m 

00 

00 

VD 

o 

in 

ro 

O 

"^ 

r-\ 

in 

o 

Ji4 

•H 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

t 

• 

• 

0 

U    Cs 

(N 

o 

m 

o 

r-\ 

o 

o 

T-{ 

ro 

in 

o 

o 

o 

0 

rH     fd 

r^ 

iH 

o 

;z: 

fd  5h 
u  en 

r-\ 

m 

0 

0) 

\ 

en 
fd 

03 
0) 

1   -p 

00 

r^ 

«x) 

ro 

G\ 

r- 

r* 

VD 

-^t 

r- 

t-\ 

in 

o 

0  -H 

00 

LO 

vo 

ro 

in 

o 

in 

in 

0 

00 

9 

o 

• 

• 

VD 

• 

o 

• 

> 

< 

(d  0 

O  Tl 

• 

• 

o 

• 

in 

rH 

rH 

r^4 

• 

o 

r-\ 

ro 

ro 

ro 

o 

o 

o 
o 

H 

■ 

fO 

U 

■K 

•rH    ^ 

C   W 

1 

(T*^ 

fd  0) 

0-  r^ 

•H  -P 

m 

VD 

00 

C^ 

'^ 

r^ 

CN 

in 

00 

r-\ 

CN 

00 

rH  o^ 

U  -H 

(N 

O 

o 

VD 

rvj 

■«^ 

o> 

^ 

CN 

O 

r- 

r-\ 

0  -H, 

fd  c: 

• 

• 

1 

• 

• 

1 

• 

• 

• 

• 

• 

1 

• 

0)  — ^ 

-P  fd 

LO 

o 

ro 

O 

o 

o 

o 

^ 

■^ 

o 

o 

o 

Cn       -P  M 

r^ 

rH 

o 

-M 

fd  cp 

r-\ 

(D   a 

o 

^   >i 

-P   tJ 

, 

W 

M-^        . 

0  4-^ 

0) 

0 

Q) 

0) 

4J 

tJ^  >1 

•H 

rr 

o 

o 

^ 

ro 

o 

VD 

00 

00 

(N 

o> 

CN 

VD 

>i  c 

■«* 

m 

o^ 

o 

in 

T-\ 

00 

ro 

CTN 

CN 

o 

in 

as 

M  > 

(U  fd 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

• 

• 

QJ    }H 

M    M 

H  • 

o 

m 

r-\ 

H 

o 

o 

CN 

ro 

^ 

o 

o 

(Tl 

>  ^ 

O    t7> 

r- 

iH 

G\ 

<  w 

^  (d 

' 

(N  TJ 

00  (d 

en 

o^  c; 

0) 

H  rd 

-p 

o 

in 

o 

o 

H 

in 

00 

O 

rvi 

t^ 

r-^ 

o 

<Js 

--u 

•H 

00 

CN 

^ 

<y» 

r^4 

o 

ro 

in 

r^ 

CN 

0 

o 

0 

ro 

:3    ^ 

fd 

• 
ro 

• 
O 

• 

• 
o 

• 
H 

• 

o 

o 

9 

O 

9 

ro 

in 

o 

O 

o 

a^J 

M 

r^ 

rH 

o 

J 

13  c 

o 

•H 

Q  cd 

rH 

X)  T3 

w 

d  c 

0) 

fd  P 

■p 

0 

•H 

(Jim 

1    u 

o 

o 

o 

CN 

r^ 

in 

CN 

r- 

■^ 

in 

ro 

in 

\m0                ■ 

1             '     * 

0   0 

VD 

r^ 

CN 

CN 

"«^ 

rH 

cy» 

in 

o 

in 

H 

o 

in 

0   0) 

c:  -H 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

^  21 

fd  xJ 

r^ 

o 

"^ 

CN 

ro 

o 

rH 

CN 

ro 

CN 

o 

o 

CO 

-P 

u 

VD 

H 

o> 

W 

o 

ro 

ro 

M 

1 

CNJ 

CN 

o 

o 

O 

in 

• 

o 

O 

C>1 

CN 

% 

q 

O 

O 

N 

o 

O 

O 

H 

0^ 

^■^ 

-.-< 

■H 

H 

0) 

r 

tP 

fll 

fd 

CN 

CN 

• 

O 

i/j 

L< 

rlj 

Im 

di 

» 

U 

'^ 

r<i 

Pi 

»^ 

l« 

(0 

0) 


fd 
u 


o 

(U 


fd 


!»i 


ii 


/•^ 


-»<• 


1^ 


X- 


From  that  diagram  (Fig.  IV.  1),  it  is  obvious  that 
both  Abu-Kharif  and  Deloro  granitic  samples  fall  within  the 
area  of  maximum  concentration  of  analyses  of  granites  from 
several  localities  around  the  world.   According  to  Tuttle 
and  Bowen  (1958),  "The  concentration  of  the  analyses  near 
the  centre  of  the  diagram  is  readily  explained  if  a  magmatic 
history  is  involved  in  the  origin  of  most  granites." 

Accordingly,  the  granitic  rocks  of  Abu-Kharif  and 
Deloro  complexes  are  considered  to  possess  a  magmatic  history. 

(2)   Niqqli  values; 

The  calculated  Niggli  values  of  the  Abu-Kharif  and 
Deloro  granitic  rocks  are  given  in  Tables  (IV. 5).   The 
calculations  were  carried  out  according  to  the  well-known 
method  of  Niggli  (see  for  example  Barth,  1962),  in  which 
the  chemical  analysis  of  the  rock  is  the  basis  for  such 

calculations. 

The  relatively  high  values  of  alk,  k  and  si  as  well 
as  the  low  values  of  c  and  fm  of  the  examined  rocks  are  due 
to  the  relatively  high  percentage  of  silica  and  alkalis 
and  low  values  of  calcium  and  magnesium.   The  calcic  syehite 
granites  of  the  Deloro  pluton  have  relatively  higher  c  values 
It  can  be  seen  that  samples  of  the  alkaline  granites  of  the 
two  complexes  have  alk  more  than  al. 

According  to  Niggli  (1939),  if  alk  >  al,  the  excess 
alk  with  high  si  content  of  the  rock  usually  goes  into 
ricbockitc  or  acgirine.   Pctrographic  studies  (Chapter  Til), 
have  shown  that  the  sole  ifafit:  Mnerals  in  the  alkaline 
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granites  at  Abu-Kharif  complex  and  some  of  the  Deloro  granitic 
rocks  are  riebeckites  and  arfvedsonites . 

The  relative  proportions  of  the  Niggli-values  fm,  c 
and  alk  for  Abu-Kharif  and  Deloro  rocks  are  shown  in  Fig.  (IV. 2) 
The  plotted  Niggli-values  of  Deloro  granites  show  a  continuous 
variation  in  composition  from  the  calcic  syenite-granite  to 
the  peralkaline  and  granophyric  granites.   The  plots  of  the 
Egyptian  rocks,  apart  from  the  separate  alkaline  granite, 
display  a  continuous  variation  from  the  syntectonic  grano- 
diorites  through  the  calc-alkaline  granites.   El-Gaby  (1975) 
in  his  study  to  the  Egyptian  granites  came  to  a  similar 

conclusion. 

Fig.  (IV. 3)  shows  the  values  of  k  plotted  against 
values  of  fm.   From  this  figure,  it  is  clear  that  most  of 
these  rocks  have  alkaline-potassic  tendencies.   Deloro 
granitic  rocks  show  extremely  low  mg  values.   The  relation- 
ship between  al  and  fm  is  shown  in  Burri  and  Niggli*s 
diagram  (1945)  in  Fig.  (IV. 4).   It  is  obvious  that  the 
character  of  both  Abu-Kharif  and  Deloro  magmas  are  salic. 
The  calcic  syenite-granites  of  Deloro  pluton  are  concentrated 
near  the  semi-femic  field  while  the  Egyptian  syntectonic 


grey  granites  seem  to  concentrate 


near  the  semi-salic 


i'< 


field. 


The  si  values  are  plotted  against  the  al,  alk  and 


fm  values  of  Niygli,  in  Fig.  (IV.  5a, b  and  c) .   These 
fiqures  show  that  al  and  aLk  values  increase  proportionally 


w 


ith   si    in   both  Deloro   af\d   Abu-Kharif   granitic   rocks   and 
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Fig. (IV. 3);   The  k-iuis  relationships   in   the  Deloro  and   the  Abu-Kharif 

granitic  i^ockii.    I3ymbolo  as  in  rig.(lV.l). 
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the  examined  rocks  decrease  with  increasing  si  values. 

The  Abu-Kharif  granitic  rocks  show  higher  al  values 
and  lower  alk  values  relative  to  Deloro  rocks.   It  is  clear 
that  the  Egyptian  post-tectonic  alkaline  granites  plot  in 
a  separate  field  either  above  or  below  the  general  trend. 
(3)   The  serial  character  of  the  granitic  rocks: 

The  alkali  content  has  long  been  recognized  as  one 
of  the  more  significant  chemical  characteristics  used  to 
determine  the  serial  character  of  igneous  rocks,  which  is 
revealed  from  alkali  index  (S)  of  Rittman  (1957). 

The  plotting  of  alkalies  (Na^O  +  K^O,  wt.%),  against 
silica  uL"  Llie  examined  rocks  is  shown  in  Fig.  (IV. 6).   In 
this  diagram,  most  of  the  curves  follow  approximately 
parabolic  trends  and  point  toward  a  focus  that  lies  at 

SiO^  =  43%. 

Table  (IV.  5)  shows  the  calculated  (B*  values)  for 

samples  oC  boLli  granitic  complexes. 

The  quantitative  subdivisions  of  the  Rittman  alkali 


index  isT)    is  cited  below: 


or 

<    1 

1  to  1.8 
1.8  to  3 
3  to  4 


Rock  Character 


Extreme  pacific  (super-calcic) 
Strong  pacific  (calcic) 
Medium  pacific  (calc-alkalic) 
Weak  pacific  (sub  calc-alkalic) 
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Fig. (IV. 6);   The  alkull-lndex  flT    diagram  of  Ulttmann   (1962),    for  the 

studied  b'rariltic  rocks.   The  parabolic  curves  are  loci  of 
constant  ET   -values.   Symbols  as  In   flg.(lY,l). 
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On  the  average,  the  petrochemical  characters  of 
Abu-Kharif  and  Deloro  granitic  rocks  are  as  follows: 


Rock  Type 


S"   values 


Abu-Kharif  granites 

granodiorites 

calc-alkaline 
granites 

alkaline 
granites 


1.46  -  1.76 


1.80  -  2.26 


2.63  -  2.94 


Deloro  granites 


syenite-granites  3.11  -  5.92 


riebeckite 
granites 

granophyric 
granites 


2.03  -  2.9 


2.41  -  2.43 


Rock  Character 


calcic 


calc-alkalic 


calc-alkalic 


sub-calc-alkalic 


calc-alkalic 


calc-alkalic 


(4)   Differentiation  of  the  granitic  rocks: 

The  differentiation  index  is  a  measure  of  the  leuco- 
cratic  nature  of  the  rock.   During  the  early  course  of 
differentiation  of  a  silicate  melt,  the  mafic  minerals  tend 
to  crystallize  out  first,  whereas  enrichment  takes  place 
in  quartz,  albitc  and  k-felspar  compositions  in  the  melt. 


,  ' 


\i\ 


f 


^- ^J- 


r";i»\. 


i^- 


gi 


85. 


Thornton  and  Tuttle  (1960)  defined  the  differentiation  index 
(D.I.)  as  the  sum  of  normative  quartz  -I-  albite  +  orthoclase. 
They  also  used  Daly's  data  for  average  composition  of  igneous 
rocks  to  compute  the  following  D.I.  values;  alkali  granites 
93,  granite  80,  and  granodiorite  67. 

The  D.I.  calculated  for  both  Abu-Kharif  and  Deloro 
granitic  rocks  are  given  in  Table  (IV. 4).   The  D.I.  for 
Abu-Kharif  granitic  rocks  ranges  between  76.2  and  90.9, 


*  ■  ' 


indicating  a  highly  differentiated  magma  for  the  granitic 
rocks.   Deloro  granitic  rocks  have  D.I.  values  as  follows: 

calcic  syenite-granite   ranged  between  67.9  and  86.2 


peralkaline  granite 
granophyric  granite 


ranged  between  9  2.5  and  9  5.2 
ranged  between  94.9  and  95.4 


It  is  clear  the  the  leucocratic  nature  of  granophyric  granites 


IS  mo 


re  than  that  of  the  peralkaline  granite,  however,  calcic 


syenite-granite  is  relatively  less  differentiated.   Values  of 
D.I.  suggest  also  that  both  peralkaline  granite  and  grano- 
phyric granites  of  Deloro  pluton  are  more  differentiated 
than  Abu-Kharif  alkaline  granites.   Variation  diagrams 
of  D.I.  versus  major  elements.  Trace  elements  and  some  of 
bhe  REE  for  the  examined  rocks  will' be  dealt  with  in  the 
following  section  on  geochemistry. 
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Geochemistry 
of  the  Abu-Kharif  and  Deloro  granitic  rocks 


The  elemental  abundances  of  the  major  elements  were 
calculated  from  the  chemical  analyses  given  in  Table  (IV. 2). 
The  concentrations  of  the  determined  trace  elements  for  the 
examined  granitic  rocks  of  both  Abu-Kharif  and  Deloro  plutons 

are  given  in  Table  (IV. 6). 

From  the  obtained  data,  the  variation  diagram  showing 
the  relationship  between  the  ionic  weight  percentage  Ca,  Na 
and  k  is  given  in  Fig.  (IV. 7).   Apart  from  the  Abu-Kharif 
alkaline  granite,  which  plots  separately,  a  continous  variation 
is  well  displayed  in  both  granitic  rocks  of  the  two  plutons. 
A  general  trend  of  variation  can  be  perceived  which  is  markedly 
convex  towards  the  k  apex.   Other  diagrams  illustrating  the 
behaviour  of  the  major  and  some  of  the  trace  elements  inclu- 
ding REE's  are  also  constructed. 

The  variation  of  these  elements  with  the  different- 
ation  index  will  also  be  discussed. 

(A)   Major  Elements 
Silicon  and  Aluminium 

Silicon  is  the  most  abundant  element  -  after  oxygen  - 

in  the  studied  granitic  rocks.   Variation  diagrams  of  the 

major  elements  versus  D.I.  are  given  in  Fig.  (IV. 8).   The 

plots  of  SiO   against  D.I.  indicate  that  in  both  Abu-Kharif 

2 
and  Deloro  granitic  rocks,  SiO^  increases  with  increase  of 

the  differentiation  index. 
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Excluding  the  Egyptian  alkaline  granite,  the  plots  of 
Al^O^  versus  D.I.  show  that  Al20^  increases  with  decreasing 
of  D.I.  in  Abu-Kharif  granites  while  Deloro  samples  display 
a  parallel  trends.   It  is  clear  that  the  Egyptian  alkaline 
granite  which  occurs  in  a  separate  field  is  highly  depleted 
in  Aluminium,  however,  the  other  two  granitic  varieties  of 
Abu-Kharif  complex  are  more  enriched  in  Aluminium  than  Deloro 
granitic  rocks. 
Total  iron,  Magnesium  and  Manganese 

From  the  chemical  point  of  view,  Deloro  granitic  rocks 
are  highly  depleted  in  MgO  contents  relative  to  Abu-Kharif 
granites  (see  Table  IV. 2).   The  content  of  femic  oxides  (Fe202+ 
FeO  +  MnO  +  MgO)  are  plotted  against  D.I.  in  Fig.  (IV. 8).   The 
plots  indicate  that  the  content  of  femic  oxides  show  continuous 
decrease  toward  the  more  differentiated  end.   It  is  also 
obvious  that  the  Deloro  granites  have  higher  contents  of  femic 
oxides  than  those  of  Abu-Kharif  granites. 

Deloro  granitic  plots  exhibit  a  continuous  smooth  trend. 
Due  to  the  higher  content  of  mafic  oxides  in  the  Egyptian 
alkaline  granite,  the  plots  of  these  granites  lie  somewhat  above 
the  grey  granite-calc  alkaline  granitic  trend.   El-Gaby  (1975) 
concluded  that  the  peralkaline  rocks  differ  markedly  in  their 
high  total  iron  content. 
Calcium 

The  plots  of  CaO  versus  D.I.  of  the  studied  granitic  rocks 
is  shown  in  Fig.  (IV. 8).   It  is  clear  that  the  calcium  content 
decreases  with  increase  of  D.l.  in  Deloro  granites.   With  the 
exception  of  the  alkaline  granite  of  Abu-Kharif  granitic  com- 
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plex  which  has  relatively  low  CaO  content,  the  plots  of  CaO 


ve 


rsus  D.I.  show  a  similar  trend,  i.e.,  CaO  decreases  with 


increasing  D.I. 

In  general,  Deloro  syenite-granite  exhibit  the  highest 
CaO  contents  of  all  the  rocks  studied. 
Sodium  and  Potassium 

The  Deloro  granitic  rocks,  in  comparison,  are  markedly 
enirched  in  their  sodium  and  potassium  contents  with  respect 
to  Abu-Kharif  granites. 

The  plots  of  sodium  and  potassium  versus  the  D.I.  are 
shown  in  Fig.  (IV. 8).   Within  the  granitic  rocks  of  the  Abu- 
Kharif  complex,  Sodium  is  constant  in  both  granodiorites  and 
calc-alkaline  granites.   The  alkaline  granites,  again,  lie  in 
a  separate  field  with  higher  Sodium  content.   The  plots  of 
Deloro  granites  show  a  very  slight  decrease  in  Na^O  content 
with  the  increase  in  the  D.I.  due  to  the  predominance  of  Na- 
amphibole  in  both  syenite-granite  and  peralkaline  granite. 

The  plots  of  Potassium  in  the  Deloro  granites  show  that 
K..0  increases  with  D.I..   The  plots  of  Abu-Kharif  syntectonic 
granodiorites  and  late  tectonic  calc-alkaline  granites  exhibit 

I 

a  continuous  increase  in  K^O  with  differentiation,  however,  the 
post  tectonic  alkaline  granites  lie  somewhat  above  the  main  trend. 

In  summary,  it  is  obvious  that,  with  the  exception  of  the 
Egyptian  alkaline  granite,  the  SiO^  and  K^O  of  the  studied  ^ 
granitic  rocks  increase  with  the  increase  of  differentiation. 

The  Al^O^,  femic  oxides  and  CaO  decrease  with  D.I.. 
The  Na  0  is  coiistanL  wiLhiri  Abu-Kharif  sam[)Ics  aiui  dLM:r(M.sc:3 
slightly  with  dif ferentiatior^'  in  the  Deloro  rocks. 


t' 


!i' 


i: 


Hi 


/4 


97 


JU 


Ml 


II 
I 

I  I 
li 


!' 

m 


D.I 


75  85 

KU^(  17.(0;    Variation  dia^^ram  of  majdt  oxides   (in   weight  perscn£)»   acainst  D.I. 

for  the  Abu-Kharif  aiid  Deloro  granitic  rocks.   Symbols  as  in  fig.(lV.l^ 


{'*» 


rtjV  ^ 


ii 


SiT^^Jr--: 


J^i 


h  . 


g2 


91. 


From  the  previous  description  it  can  be  concluded 
that  the  Abu-Kharif  alkaline  granite  does  not  fall  on  the 
continuous  smooth  trend  of  the  other  granitic  types,  but 
lies  either  above  or  below  that  smooth  trend.   This  suggests 
there  may  be  two  different  populations  or  groups,  a  conclusion 
that  is  in  agreement  with  our  field  observations. 


(B)   Trace  Elements 

The  abundance  (in  ppm)  of  trace  elements  for  the 
studied  granitic  samples  of  the  Abu-Kharif  and  Deloro  plutons 
are  given  in  Table  (IV.6). 

Tlic  uLciuunLal  abundances  and  tlic  bcliavior  of  Llio 
determined  trace  elements  may  conveniently  be  studied  under 
the  following  five  groups. 
1.   Ba,  Sr,  Rb,  and  Cs 

The  large  ion  elements  Rb,  Sr,  Ba  and  Cs  are  discussed 
together  for  their  abundance  is  generally  directly  related 
to  the  feldspars.   Nockold's  and  Allen  (1953),  Berlin  and 
Henderson  (1969)  have  concluded  that  the  greater  part  of 
the  Sr  and  Ba  content  of  the  granitic  rocks  is  concentrated 
in  the  plagioclase  and  potash  feldspars  respectively. 

The  results  of  this  study  reveals  that  the  more  basic 


v 


arieties  of  the  two  granitic  complexes  have,  in  general, 


higher  Sr  and  Ba  concentrations,  and  lower  Rb  and  Cs  contents 
than  the  more  differentiated  granitic  varieties  (see  Table 
IV.6) . 
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Figure   (IV. 9)  shows  the  variation  of  Ba  versus  Sr 
and  Rb  versus  Cs.   It  is  obvious  that  Abu-Kharif  granites 
show  a  wide  variation  in  Ba,  Sr,  Rb  and  Cs  concentrations. 
It  is  also  clear  that  the  syntectonic  granodiorites  have  the 
highest  Sr  and  the  lowest  Rb  and  Cs  contents.   The  calcic 
syenite-granite  of  the  Deloro  pluton  behaves  similarly  to 
the  Abu-Kharif  granodiorites  in  his  granitic  series  (i.e., 
it  has  the  highest  Ba,  Sr  and  the  lowest  Rb  and  Cs  contents). 

From  Figure  (IV. 9b),  it  is  also  seen  that  the  Abu-Kharif 
granitic  rocks  display  a  relative  increase  in  their  Rb  contents 
with  increasing  Cs  from  the  granodiorites  through  the  alkaline 
granites  to  the  calc-alkaline  granites  which  possess  the 
highest  Rb  and  Cs  contents.   Meanwhile,  the  Deloro  granitic 
rocks  have  a  relatively  constant  Cs  values.   Figure  (IV. 10) 
shows  the  variation  of  D.I.  against  Sr,  Rb  and  other  elements. 
The  curves  show  a  gradual  increase  in  Rb  with  increasing 
values  of  D.I.  in  the  studied  granites,  while  Sr  decreases. 
The  Egyptian  alkaline  granite  lies  below  the  general  trend 
as  it  is  depleted  in  Sr.   In  1973,  Sayyah  et  al.  reported 
Sr  values  as  low  as  8  ppm.  in  some  Egyptian  younger  granites. 
Figure  (IV.  11)  shows  the  variation  of  Ba  and  Sr  with 
K.   The  plots  of  Abu-Kharif  and  Deloro  granitic  rocks  indicate 
that  both  Da  and  Sr  contents  decrease  with  increasing  K 
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lues.   Gindy  et  al.  (1979)  also  showed  that  Ba  and  Sr 


buhave  in  a  similar  substitional  way  with  respect  to  K 
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Symbols  as  in  fig.(l/.l) 
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The  maximum  concentration  of  Sr  in  the  granitic  rock 
series  would  occur  earlier  than  that  of  Ba  and  consequently 
the  depletion  of  the  crystallizing  magmas  in  Sr  would  start 
earlier  than  that  in  Ba,  while  Rb  increases  in  the  late 
potash  feldspar  phases  (El-Gaby,  1975).   This  feature  is  well 
displayed  in  Fig.  (IV. 12)  where  the  relative  distribution  of 
sr,  Ba  and  Rb  in  the  studied  granites  is  shown.   It  is  obvious 
that  both  the  Abu-Kharif  and  Deloro  granites  exhibit  more  or 
less  similar  trends,  namely  convex  toward  the  Ba  apex. 
Meanwhile,  the  Deloro  granites  are  relatively  enriched  in  Ba. 


2.   Cr,  Sc  and  Co 

Cr,  Sc  and  Co  are  much  more  concentrated  in  the  basic 
varieties  of  the  two  granitic  series.   Maximum  concentrations 
for  Sc  and  Co  are  found  in  the  Abu-Kharif  granodiorites  and 
in  Deloro  syenite-granite  (see  Table  IV. 6),  however,  the  more 
acidic  varieties  are  less  enriched  in  these  elements. 
Fourcade  et  al.  (1981)  concluded  that  all  transition  elements 
are  much  more  concentrated  in  mafic  rocks  than  in  granodiorites 

Figure  (IV. 13)  shows  the  variation  of  Cr,  Sc,  and  Co 
versus  the  differentiation  index.   It  is  obvious  that  Sc 
and  CO  show  a  continuous  decrease  with  increase  of  the 
differentiation  index.   Chromium  displays  a  similar  trend  in 
the  Abu-Kharif  rocks,  but  it  shows  no  apparent  relationship, 
in  Deloro  granitic  series.   The  slope  difference  in  the 
trend  oF  Abu-Khar  if  and  Deloro  granitic  rocks  is  due  to  the 
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„latlve  enrichment  of  So  and  Co  in  Abu-Kh.ri£  gr.nodicrites 
.average  c£  9.6  PP«.  and  7.5  PP-.  respectively).   Cr,  S=  and 

,,^1-vi  r^prreasinq  Mg  and  Ca  contents 
CO  are  broadly  decreasing  with  decreasing  y 

and  with  increasing  SiO,  content  in  granodiorites  (Fourcade 
et  al.  (1981).   Sc  abundances  usually  reflect  the  abundance 
of  mafic  minerals  which  concentrate  Sc  (Vlasov,  1966). 

Thus,  it  is  clear  that  Mg,  Ca,  Fe,  Sc,  Co  and  Cr 
behave  in  the  same  general  way  in  both  the  Abu-Kharif  and 
Oeloro  granitic  rocKs  and  decrease  toward  the  more  acid  end. 
.ockolds  and  Mien  (1953)  reached  a  similar  conclusion  in 
their  study  of  Hamadat  intrusion  of  the  Red  Sea  hills. 

3.   Zr,  H£,  Ta  and  Y 

zr  and  Ta  form  a  pronouncedly  coherent  pair  of  elements 

-,a^o\        rindv  et  al.  (1979)  concluded 
(Rankama  and  Sahama,  1952).   Ginay  er  di 

that,  in  igneous  rocks,  Zr  does  not  enter  into  any  of  the 
common  rocK-forming  minerals  but  remains  as  a  separate  phase, 
usually  Zircon  which  also  contains  a  small  amount  of  Hf. 

The  relations  between  Zr,  Y  and  Hf  with  differentiation 

•  ^^  rrr;^nites  are  shown  in  Fig.  (IV. 10). 
index  for  the  examined  granites  ^l^ 

£i^^4-c  ;:>  Q-hpadv  increase  in  Zr,  Hf 
The  diagram  generally  reflects  a  steaay  in 

and  V  contents  with  increasing  differentiation  is  occurring 
in  the  Deloro  granitic  rocRs  suggesting  that  there  is  a 

•v^  «^ies   The  Abu-Kharif  alkaline  granites 
continuous  granitic  series.   ine  t^u 

have  a  relative  higher  Zr,  Hf,  V  and  Ta  contents.   As  .  result, 
the  plots  of  the  .bu-Khari£  alKaline  granites  lie  ahove  the 
granodiorlte,  calc-.lkalihe  granitic  trend. 
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Figure  (IV. 14  a  and  b)  show  the  relation  between  Zr 
and  Y  contents  and  between  Ta  and  Hf  contents  in  the  studied 
granitic  rocks.   From  the  diagram,  it  is  obvious  that  Zr 
increase  with  increasing  Y  in  both  the  Deloro  and  Abu-Kharif 

,-•■1    ue   =r,^  T^   disDlav  a  similar  relation 
granites.   Meanwhile,  Hf  and  Ta  aispxay 

(Hf  increases  with  increasing  Ta) .   It  is  also  noticeable 
that  the  Deloro  granites  are  relatively  enriched  in  Y  and 
Hf  contents  comparable  to  Abu-Kharif  granites.   In  both 
complexes,  the  alkali  amphibole  granites  have  a  similar, 
higher  Ta  and  Zr  values,  as  they  are  enriched  also  in  Hf 


and  Y. 


El-Gaby  (1975)  demonstrated  that  the  peralkaline 
varieties  contain  outstanding  high  Zr  amounts.   He  added, 
these  granites  with  alkaline  to  peralkaline  tendency  are 
almost  always  those  provisionally  separated  on  the  basis  of 
the  distribution  of  the  REE. 

in  Fig.  (IV. 15)  Zr  is  plotted  against  Ba  and  Sr  for 
the  studied  granitic  samples.   From  that  figure,  the  plots 
of  the  Deloro  pluton  seem  to  have  a  common  field,  while 
those  of  the  Abu-Kharif  granitic  complex  occupy  two  separate 
fields.  The  latter  observation  is  due  to  the  fact  that  the 
Egyptian  alkaline  granite  is  highly  enriched  in  zirconium 
and  depleted  in  both  Ba  and  Sr.   Accordingly,  it  occupies 

e.  field   leading  to  the  conclusion  that  this  younger 
a  separate  tieia,  ±eciuj.iiy 

4-  o  r^^Y-^    of  the  qranodiorite  -  calc 
granitic  phase  is  not  a  part  ot  tne  gx 

alkaline  qranitic  series. 
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4.   U  and  Th 

In  general,  the  abundances  of  U  and  Th  increase  from 
basic  to  silicic  rocks.   It  is  also  well-established  that 
there  is  a  close  geochemical  coherence  between  K  and  U  and 
Th  (Heier  and  Rogers,  1963). 

In  Fig.  (IV. 16),  U  and  Th  contents  for  the  studied 
granitic  rocks  are  plotted  against  the  differentiation  index. 
Beside  the  anomalous  Egyptian  alkaline  granite,  which  is 
markedly  depleted  in  U  and  Th,  a  sympathetic  relationship  is 
obtained  where  U  and  Th  increase  with  increasing  different- 
iation index.   Gindy  et  al.  (1979)  reached  a  similar  concl- 
usion, that  U  and  Th  increase  with  differentiation. 


If 


In  order  to  discuss  REE  distribution  within  the 
different  granitic  phases,  several  diagrams  have  been 
constructed.   The  sum  of  8  REE  are  plotted  against  the 
differentiation  index  for  the  examined  granitic  rocks 
(Figure  IV.  17. a).   In  that  Figure,  the  alkali  amphibole 
granites  of  both  Abu-Kharif  and  Deloro  complexes  show  a 
relatively  high  REE  enrichmeiHt .   With  increasing  D.I.,  the 
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5_; Presentation  of  Rare  Earth  data 

The  results  of  the  analyses  on  the  REE  composition 
of  the  examined  granitic  rocks  are  presented  in  Table  (IV. 7), 
which  also  include  average  results  of  granitic  rocks  from 
several  areas  (Tindle  et  al.  1981  and  Strong  et  al.  1982). 

In  comparison,  it  seems  that  the  present  data  match 
rather  well  with  other  REE  results. 
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REE  displayed  a  constant  figure  between  the  other  granitic 
varieties.   The  sum  of  HREE  (Lu,  Yb  and  Tb)  are  plotted 
against  D.I.  in  Figure  (IV.lV.b).   From  the  diagram,  a 
continuous  increase  in  HREE  within  the  Deloro  granitic 
rocks  is  seen.   The  Abu-Kharif  alkaline  granite  is  relatively 
enriched  in  HREE  and  lying  above  the  general  trend  of  the 
other  two  varieties.   Fig.  (IV.  18)  illustrates  the  relation- 
ship of  the  LREE  contents  (in  ppm)  of  the  investigated 
granites  as  a  function  of  index  of  differentiation.   Agian, 
the  alkaline  granite  in  both  complexes  possesses  relatively 
high  La,  Ce  and  Nd  concentrations.   With  increase  of 
differentiation,  the  LREE  either  remain  constant  or  display 
a  slight  increase  within  the  other  granitic  varieties. 

In  order  to  visualize  some  of  the  trace  element 
results,  the  ratio,  Ce/Yb  is  plotted  against  the  ratio 
Eu/Yb  (Fig.  IV. 19).   From  that  diagram,  it  is  obvious  that 
the  Egyptian  granitic  rocks  possesses  high  ratios  of  the 
Ce/Yb  and  Eu/Yb  compared  to  the  granitic  rocks  of  the  Deloro 
pluton.   The  latter  is  relatively  enriched  in  Yb.   With 
increasing  ratio  Ce/Yb,  the  ratio  Eu/Yb  gradually  increases 
in  all  the  investigated  granitic  rocks. 

Noteworthy  is  the  fact  that  the  more  acidic  varieties 
(the  alkali  amphibole  granite)  occupies  a  separate  field 
displaying  a  sudden  or  sharp  increase  in  the  ratio  Ce/Yb, 
with  the  increase  of  the  ratio  Eu/Yb.   That  observation  could 
be  explained  by  the  presence  of  a  big  negative  Eu  anomaly 
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(see  Fig.  IV. 20  and  21),  between  the  alkali  amphibole 
granitic  phases  of  both  granitic  complexes.   The  other 


V 


arieties  show  a  more  gradual  increase  in  their  Ce/Yb 


Eu/Yb  ratios. 

The  most  useful  method  is  to  compare  the  REE  data 
relative  to  chondritic  or  sedimentary  rock  patterns,  dividing 
the  abundances  element  by  element,  by  the  corresponding 
chondritic  or  sedimentary  rock  abundances.   This  procedure 
was  first  suggested  by  Coryell  et  al.  (1963).   The  chondrite- 
normalized  distributions  in  the  Egyptian  and  the  Canadian 
examined  granitic  rocks  are  given  in  Fig.  (IV.  20)  and 
Fig.  (IV. 21)  respectively. 

The  lanthanide  patterns  of  the  examined  rocks  exhibit 

some  constant  characteristics: 

1.  Enrichment  of  light  REE  over  heavy  REE  in  all 

investigated  rock  types. 

2.  Light  Rare  Earths  are  more  fractionated  than 
heavy  REE  which  are  weakly  fractionated  or  not  at  all. 

3.  The  enrichment  of  REE  and  the  important  negative 
Eu  anomaly  appears  in  the  late  differentiated  phases. 

some  of  these  features  have  been  observed  in  many 
other  granitic  complexes  (see  for  example  Fourcade  and 
AUegra,  19B1).   The  three  features  described  above,  if  not 
characteristic  of  the  other  granitic  complexes,  seem  to  be 
well  represented  in  the  Abu-Kharif  and  Deloro  granitic 
complexes . 
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According  to  character-3,  it  seems  that  lanthanide 
abundances  increase  as  Mg  and  Ca  contents  decreased.   From 
the  obtained  REE  patterns  (Figs.  IV. 20  and  21),  we  can 
individualize  several  types  of  lanthanide  distribution: 

(A)   Lanthanide  distribution  of  Abu-Kharif  granitic 
rocks 


•    • 


The  lanthanide  distribution  of  the  Egyptian  granitic 
rocks  (Fig.  IV. 20),  shows  the  following  characters: 
(i)   Both  the  calc-alklaine  granites  and  granodiorites  dis- 
play a  very  similar  REE  patterns.   The  well  differentiated 
LREE,  the  very  small  Eu  anomaly  and  the  poorly  different- 
iated HREE  are  the  main  lanthanide  features  of  the  grano- 
diorites and  the  calc-alkaline  granites.   The  lack  of  REE 
differentiation  has  been  explained  by  Buma  et  al.  (1971)  as 
a  result  of  the  occlusion  of  trapped  liquids  in  crystallizing 

minerals. 

(ii)   The  more  differentiated  post-tectonic  alkaline  garnite 
shows  a  distinctive  REE  pattern  which  is  different  from  the 
other  previously  mentioned  granitic  phases.   The  REE  patterns 
show  that  the  Egyptian  alkaline  granites  are  relatively 
enriched  in  REE  and  display  well  fractionated  HREE.   The 
presence  of  an  important  Eu  negative  anomaly  is  a  remarkable 
feature  in  Lheir  REE  patterns.   The  presence  of  negative  Eu 
anomalies  in  late  stage  granites  has  been  explained  by 
Towell  et  al.  (1965),  who  concluded  that  Eu  suffered  a 
syslc>mal1('  romov.il  From  the  REF.  from  the  more  acidic  rocks 
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during  magmatic  crystallization.   In  (1978),  Hanson  pointed 
out  that  the  negative  Eu  anomaly  in  the  raelt  results  from 
plagioclase  in  the  residue.   Our  petrographic  studies  reveal 
that  the  alkaline  granites  are  of  hypersolvus  nature  in 
which  perthites  are  the  predominant  feldspar  minerals  with 
the  lack  of  any  discrete  plagioclases. 

In  conclusion,  the  Egyptian  granitic  rocks  display 
two  main  different  REE  patterns.   Both  the  granodiorites 
and  the  calc-alkaline  granites  possess  very  similar  or 
homogeneous  REE  patterns,  while  the  alkaline  granite  exhibits 
a  different  and  characteristic  REE  pattern,  suggesting  that 
the  studied  Egyptian  granitic  rocks  are  possibly  derived  from 
two  different  magmas.   Fourcade  and  Allegra  (1981),  concluded 
that  lanthanide  patterns  seem  to  be  homogeneous  inside  a 
given  magmatic  unit  and  can  be  used  to  characterize  each 
unit  of  a  composite  intrusion.   Accordingly,  both  the  grano- 
diorites and  the  calc-alkaline  granites  can  be  considered 
as  one  magmatic  unit,  however,  the  post-tectonic  alkaline 
granite,  probably  represents  another  magmatic  unit  and  can 
be  considered  as  a  separate  granitic  phase. 

That  conclusion  is  in  agreement  with  our  field 
observations  and  with  the  other  geochemical  interpretations. 
Khali  1  cl  ai.  (1978)  reached  a  similar  conclusion  when  they 
pointed  out  that  the  wide  variation  in  the  content  of  the 
REE  in  the  piuLoa  suggests  Lhat  the  Holterkolen  granitic 
rocks  at  Norway,  could  probably  be  derived  from  at  least 
two  different  magmas. 
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(B)   Lanthanide  distribution  of  Deloro  granitic  rocks 
The  REE  patterns  of  the  Deloro  granitic  rocks  (Fig. 
IV. 21)  show  the  following  characteristics: 
(i)   The  peralkaline  riebeckite  granite  possesses  the 

highest  REE  contents. 

(ii)   The  presence  of  important  negative  Eu  anomaly  in  the 
late  stages  (granophyric  granites  and  riebeckite  granites) . 
(iii)   High  enrichment  in  the  heavy  REE  in  all  the  granitic 
phases  of  the  Deloro  pluton,  which  is  a  very  primitive 

feature. 

(iv)   The  different  granitic  phases  show  a  very  similar  or 

subparallel  REE  patterns  characterized  by  enricliment  in 

their  HREE. 

The  presence  of  a  negative  Eu  anomaly  in  the  late 
stages  within  the  Deloro  granites  could  probably  be  due  to 
the  high  oxidation  state  of  the  magma.   Kuehnbaum  (1973) 
in  his  study  of  the  stability  fields  of  Na-Fe  amphiboles 
pointed  out  that  the  high  Fe^'^Fe^'^  ratios  of  the  Deloro 
riebeckites  confirm  the  presence  of  relatively  high  oxidation, 
he  added,  both  oxygen  fugacities  (FO2)  and  temperature  will 
be  higher  than  estimations  in  the  simple  hydrous  system. 
The  presence  of  ilmenitc  as  a  predominant  accessory  mineral 
(achieved  by  petrographic  studies  and  electron  microprobe 
analysis),  reflect  the  high  oxidation  state  of  the  Deloro 
maqma . 
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Zielinski  and  Frey  (1970, 
concluded  that  multi-stage  fractional  crystallization 
processes  can  cause  large  Eu  depletions. 

The  hypothesis  of  fractional  crystallization  could 
be  applied  to  demohstrate  the  origin  of  the  Deloro  granitic 
rocks  as  will  be  discussed  below. 

The  enrichment  in  heavy  REE  within  all  the  granitic 
phases  of  the  Deloro  pluton  is  probably  due  to  the  presence 
of  the  amphiboles  and  the  alkali  amphiboles  as  predominant 
mafic  minerals  and  the  presence  of  Zircon  and  garnet  as 
accessory  minerals.   That  interpretation  is  based  on  the 
conclusion  of  Hanson  (1978)  who  stated  that  the  heavy  REE 
are  retained  to  a  greater  extent  by  hornblende,  garnet  and 


..ircon.   Our  petrographic  studies  and  that  of   Kuehnba 


um 


(1973)  showed  that  amphiboles  and  alkali  amphiboles  are  the 
sole  mafic  minerals  within  most  of  the  Deloro  granitic  rocks, 
however,  zircon  and  garnet  occur  as  accessory  minerals. 

Both  zircon  and  garnet  have  a  very  large  distribution 
coefficients  (Kd*s)  for  the  heavy  REE  as  stated  by  Hanson 

(1978)  and  (1980). 

From  the  geochemical  point  of  view,  we  can  generally 
point  out  that  the  Deloro  granitic  magma  had  the  following 
geochemical  characteristics  relative  to  the  Abu-Kharif 
magmas: 

* 

(i)   The  magma  was  highly  enriched  in  femic  oxides,  K  0, 
Na^O,  Cr,  Hf,  Y  and  heavy  REE. 
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(ii)   It  was  also  depleted  in  AI2O3,  MgO  and  Sr. 

It  must  also  be  noted  that,  within  the  Abu-Kharif 
granitic  complex  itself,  the  alkaline  granitic  magma  was 
enriched  in  Na20,  K2O,  femic  oxides,  Zr,  Y,  Hf,  Ta  and  REE, 
and  depleted  in  AI2O3,  CaO,  Sr,  U  and  Th  comparable  to  the 
granodiorite-calc  alkaline  magma. 


(C) 


Petrogenesis  of  the  granitic  rocks 


The  use  of  trace  elements  in  petrogenetic  problems  has 
been  marked  in  the  last  decade.   Several  workers  emphasized 
that  a  significant  degree  of  relative  fractionation  can  be 
observed  among  the  REE.   Between  them,  Haskin  et  al.  (1966) 
and  Strong  et  al.  (1982)  observed  that  fractionation  among  the 
REE  is  very  common  in  igneous  rocks. 

in  (1969),  Kosterin  suggested  that,  since  the  heavy 
REE  form  more  stable  complexes  than  the  light  REE,  the  former 
would  become  enriched  in  solutions  and  dominate  late  stage 
deposits.   From  the  previous  REE  characteristics,  it  seems 
that  the  REE  patterns  of  the  Deloro  granitic  complex  are 
homogeneous  and  that  there  is  a  continuous  variation  in  their 
REE  from  the  calcic  syenite-granite  to  the  granophyric  and 
the  riebeckite  granites.   That  may  permit  us  to  consider  that 
the  Deloro  granitic  rocks  could  probably  form  a  one  granitic 
series  and  they  are  possibley  derived  from  a  more  basic  magma 
by  extensive  differentiation.   Buma  et  al.  (1971)  concluded 
that  the  presence  of  syenites  with  granites,  Eu  depletion, 
low  water  fugacity,  lack  of  pegmatites  and  dense  rocks  at 
depth,  all  agree  with  derivation  of  the  "New  England"  alkaline    .ij 
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granites  by  extensive  differentiation  of  a  more  basic 


magma 


In  conclusion,  the  hypothesis  that  the  entire  series 
of  the  Deloro  granitic  rocks  could  be  the  result  of  crystal/ 
liquid  fracLionation  processes,  starting  from  one  parent 
magma  is  suggested  by  the  smooth  variation  of  both  major  and 
trace  elements  against  the  D.I.  as  well  as  by  the  homogeneity 
in  their  REE  patterns.   In  (1981),  Bellieni  et  al.   has 
reached  a  similar  conclusion  applied  to  a  plutonic  complex  at 

Italy. 

The  Egyptian  granitic  rocks  display  two  main  different 

REE  patterns.   The  alkaline  granites  possesses  different  and 
characteristic  REE  patterns  comparable  to  the  REE  patterns  of 
both  the  granodiorites  and  calc-alkaline  granites  which  are 
very  similar  ot  homogeneous.   As  the  lanthanide  patterns  seem 
to  be  homogeneous  inside  a  given  magmatic  unit,  the  Egyptian 
granitic  rocks,  accordingly,  are  possibly  derived  from  two 
different  magmas.   The  post-tectonic  alkaline  granite 
probably  represent  a  separate  magmatic  unit. 

The  lanthanide  patterns  of  both  the  Egyptian  and  the 
Canadian  granitic  rocks  are  plotted  together  in  Fig.  (IV. 22). 
In  comparison,  the  REE  patterns  of  the  studied  granitic  rocks 
of  both  complexes  reveal  two  main  features: 
(i)   a  remarkable  enrichment  in  heavy  REE  within  all  the 
granitic  units  of  the  Deloro  pluton  comparable  to  the  Egyptian 
granitic  complex  (Gebel  Abu-Kharif ) . 


I  I 


t 


I 


I 


>:-V 


^^ 


u.«'i/iR'<-ji-.  V  x  .(.  J.  .ivj^MWiej 


•IV 


M 


r 
> 


o 
m 


-0 

s 


z 
o 


z 


m 

c 


o 


03 


-< 


1 

o 


m 


< 


r 

C 


-^      WHOLE  ROCK/CHONDRITE       © 


123 


I    I  1  I  1 


T 


T~^ — rnr 


122. 

T 1 — i — 'III 


o 

s 


1^ 

d- 
H* 
O 

8 

H 

8 
S 

! 


(D 

o 


tSJ 
<T> 


O 


I 

I 


H) 


g 


(D 


|i 


:lt- 


I  i 


f^ 


■rf' 


^.A 


150 


123. 


(ii)   The  granitic  rocks  of  Abu-Kharif  exhibits  more 
differentiated  REE  relative  to  the  Deloro  granites  which  have 
less  differentiated  REE  or  not  at  all  (see  Fig.  IV. 22). 

Several  Russian  investigators  have  observed  late  heavy 
REE  enrichment  resulting  from  heavy  REE  complexing  by  meta- 
somatic  fluids  (Mineyev,  1963  and  Vlasov,  1966) . 

As  has  been  suggested  by  Hanson  (1980)  the  trace 
element  concentration   of  a  melt  is   dependent  on  the  trace 
element  concentration  of  the  parent,  extent  of  melting  and 
processes  of  melting  involved.   We  may  thus  presume  that 
the  parental  magma  of  the  Deloro  granites  was  highly  enriched 
in  heavy  REE  comparable  to  that  of  the  Abu-Kharif  magmas. 
Cast  (1968)  concluded  that  melting  processes  fractionate 
trace  elements  more  efficiently  than  fractional  crystalliz- 
ation. 

The  processes  of  partial  melting,  accordingly,  may 

have  acted  successively  in  relating  the  origin  of  Abu-Kharif 
granites.   Rather  than  fractional  crystallization,  zircon 
could  have  been  a  residual  phase  during  fractional  melting. 
Because  zircon  is  likely  in  lower  crustal  rocks,  a  crustal 
origin  for  the  Abu-Kharif  post-tectonic  alkaline  granite 
may  also  be  suggested. 
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CHAPTER  V 
GEOCHEMISTRY  OF  THE  ABU-KHARIF  AND  DELORO 

MAFIC  MINERALS 


Introduction 

Prior  to  the  present  work,  mafic  minerals  including 
alkali  amphiboles,  of  granitic  rocks  have  received  some 
attention.   Most  of  the  published  literature  deals  with  the 
mineralogy,  geochemistry  and  the  classification  of  such 
minerals  in  granitic  rocks  from  different  localities. 

To  study  the  geochemistry  and  classification  of  some 
of  the  mineral  phases,  biotites,  amphiboles  and  alkali- 
amphiboles  of  the  investigated  granitic  rocks  have  been 
analysed  using  the  ARL  electron  microprobe  at  the  University 

of  Toronto. 

The  distribution  and  behaviour  of  the  trace  elements 
(including  the  REE),  has  been  determined  by  neutron  activation 
analysis  of  12  new  mineral  separates.   Particular  attention 
was  paid  to  the  purity  of  mineral  separates. 

The  mineral   phases  analysed  are  represented  by  biotiteS, 
amphiboles  and  alkali  amphiboles  from  the  Abu-Kharif  and 
Deloro  granitic  complexes. 
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Analytical  Techniques 

1)   Heavy  liquid  separation 

Mineral  separations  using  heavy  liquids  usually  require 
that  the  density  of  the  liquid  is  such  that  the  wanted  mineral 
cMili,>r  :;i..k:;  (>.  flont-R  in  I  he  \\^\\\\^   while  fho  unw^ntcvl 
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nerals  react  in  the  reverse  manner  (Zussman,  1967).   Most 


of  the  liquids  used  for  making  separations  have  low  surface 
tensions  and  high  wetting  coefficients.   Bromoform,  Tetra- 
bromoethane  and  Methylene  iodide  are  the  heavy  liquids  most 


w 


idely  used  for  that  purpose.   These  liquids  may  be  diluted 


to  lower  densities  with  a  number  of  miscible  organic  solvents 
The  heavy  liquid  separation  was  applied  to  12  new 

samples  from  the  Abu-Kharif  and  Deloro  granitic  rocks. 

Biotites,  amphiboles  and  alkali  amphiboles  are  the  minerals 

of  interest. 

The  heavy  liquid  separation  of  the  examined  sample 

powders, (mesh  size  of  80),  were  done  using  the  Tetrabromo- 

ethane  (density  of  2.964).   The  f erromagnesisn  minerals  sank 

and  separated  as  heavy  fractions  while  the  feldspathic 


ni 


inerals  floated  and  separated  as  light  fractions.   This 


process  was  repeated  until  the  desired  separation  was 
accomplished.   Finally,  the  fractions  were  washed  in  acetone 

and  dried. 

The  particular  ferromagnesian  minearls  to  be  separated 


we 


re  chosen  on  the  basis  of  our  petrographic  studies  of  the 


letrographic  varieties  in  which  they  represent  the  sole 


ma 


fie  minerals.   The  purity  of  the  mineral  separates  was 


carefully  tested  under  the  Binocular  microscope 


The 


separated  minerals  were  purified  further  by  using  the 
electromagnetic  separator . 
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2)   Magnetic  separation 

Magnetic  separation  is  based  on  the  magnetic  succept- 
ibility  of  the  different  minerals.   For  purpose  of  separation, 
minerals  may  be  classed  as  highly  magnetic,  moderately 
magnetic,  weakly  magnetic  and  almost  non-magnetic.   Highly 
magnetic  minerals  are  readily  separated  by  using  any  suitable 
permanent  magnet  of  the  bar  or  horse-shoe  type. 

For  the  very  much  larger  group  of  less  magnetic  minerals, 
the  iso-dynamic  type  of  electromagnetic  separator,  originally 
due  to  Frantz  is  now  widely  used.   The  electromagnet  is 
universally  mounted  and  may  be  tilted  to  any  position  both 
transversely  and  longitudinally.   The  latter  to  assist 
material  transport  along  the  chute.   By  suitably  balancing 
the  gravitational  and  magnetic  forces,  separation  can  be 
obtained  between  minerals  with  very  close  susceptibilities 

(Zussman,  1967)  . 

The  examined  samples  were  purified  by  using  Frantz 
isodynamic  magnetic  separator.   The  more  magnetic  ferromag- 
nesian  minerals  were  moved  against  the  chute  slope  and 
eventually  discharging  into  one  of  two  small  collector 
buckets,  while  the  less  magnetic  ones  were  discharged  into 
the  other  collector  bucket.   Generally  speaking,  the  purity 
of  the  analysed  samples  was  mostly  greater  than  95%. 
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3)   Electron  Microprobe  Analysis 

The  data  obtained  for  this  thesis  were  obtained  using 


po 


lished  thin  sections  of  the  precambrian  granitic  rocks 


from  the  Abu-Kharif  and  Deloro  complexes. 

The  polished  specimen  surface  was  vacuum  coated  with 
carbon.   The  electron  microprobe  analysis  was  applied  to 
analyse  alkali  amphiboles,  amphiboles  and  biotites  as  well 
as  feldspars,  ilmenites  and  magnetites  for  the  different 
granitic  phases.   The  analyses  of  the  examined  samples  were 
done  on  the  basis  of  the  Energy  Dispersive  spectrometer  of 
the  ARL  electron  microprobe  facilities  at  the  University  of 

Toronto . 

To  make  the  results  applicable  to  energy  dispersive 
analysis  on  the  ARL  microprobe,  all  runs  were  done  using  the 
standard  energy  dispervise  operating  conditions.   The 
accelerating  potential  was  maintained  at  20  Kv  and  the  beam 
current  was  set  by  adjusting  the  condenser  lens  (count  rate 
of  approximately  3500  cps  for  Willemite) .   The  X-ray  detector 
is  a  piece  of  highly  purified  Si,  with  a  controlled  amount 
of  Li  added  to  compensate  for  the  very  small  amount  of 
unavoidable  impurities  (Rucklidge,  1976) .   Once  this  was 
attacined,  the  required  beam  current  (approximately  0.155  M), 
was  maintained  over  the  run  period.   To  minimise  alkali  loss 
in  some  minerals,  the  electron  beam  was  partially  defocussed. 

The  Willemite-Cobalt  standards  were  used  for  energy 
and  intensity  calibrations  respectively.   Several  standards 
for  biotite,  amphibole,  cllkaU  amphibole,  feldspar,  ilmenite 
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and  magnetite,  extensively  used  at  U  of  T,  were  used  to 
calibrate  the  correction  factors  for  the  various  elements  in 
these  minerals.   The  EDA  spectra  of  the  minerals  analysed 


were 


converted  to  oxide  analyses  using  the  correction 


programme  PEST.   Structural  formulae  for  the  minerals  were 

derived  through  the  U  of  T  programme  RECALC,  which  also 

assigns  Fe^"*"  +  Fe^"^  on  the  basis  of  assumed  mineral 

stoichiometry. 

4)   Neutron  activation  analyses 

The  neutron  activation  analyses  of  12  new  mineral 
separates  represented  by  biotites,  amphiboles  and  alkali 
amphiboles  from  the  studied  granitic  complexes  were  done 
using  the  Slowpoke-2  nuclear  reactor  at  the  U  of  T. 

The  description  of  the  technique  and  the  operating 


c 


:ondiLions  have  already  been  given  in  Chapter  IV. 
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Analytical  Results  on  Separated 

Minerals 


.^^ 


The  chemistry  and  classification  of  the  biotites, 
amphiboles  and  alkali  amphiboles  of  the  different  granitic 
phases  from  the  Abu-Kharif  and  Deloro  granitic  complexes  will 
be  discussed  below. 
1)   Biotite 

The  data  from  21  new  microprobe  analyses  of  biotites 
from  the  Abu-Kharif  and  the  Deloro  granites  are  listed  in 
Table  (V.l).   Biotite  analyses  from  other  localities  (Deer 
et  al.  1967  and  Kabesh  et  al.  1977)  are  also  given  for 
purpose  of  comparison.   It  can  be  seen  that  the  Abu-Kharif 
biotites  are  quite  similar  compositionally  to  magnesian 
rich,  ferrous-iron  poor  varieties  from  other  localities  and 
recovered  from  calc-alkaline  plutonic  rocks,  while  the 
biotites  of  the  Deloro  pluton  are  iron  rich  varieties 
(Table  V.l) . 

In  general,  the  Egyptian  biotites  are  enriched  in  Mg 
and  depleted  in  ferrous  iron  comparable  to  the  biotites  of 
the  Deloro  granites. 

Gross  comparison  of  the  composition  of  biotites  of 
igneous  and  metamorphic  rocks  was  attempted  by  Heinrich 
(1946)  and  compiled  by  Engel  and  Engel  (1960).   The  data 
of  Lhu  aiiaiysed  biotites  of  the  Abu-Kharif  and  Deloro  rocks 
are  plotted  in  Fig.  (V.l).   The  Abu-Kharif  biotites  fall 
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Table(V.l),   Micn^probe  analyses  of  blotltes  from  the  Abu-Kharlf  and  Deloro 

granitic  rocks. 
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Table(V.l);  Continued 
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HEIGHT  PERCENT  17 
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flL203 

TI02 

FEO 
KGO 

mo 


K20 
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15.74 

1152 

191 

22.59 
2.27 


8.66 

2.55 

96.35 


flTOHIC  PROPORTIONS 
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flL 
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FE2+ 
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6  821 
Z292 
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4.741 
8.578 
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OH 
0 
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18 

24.65 
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.82 
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9.30 
4.71 
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1.75 
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23 
49.80 
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0.22 
0.38 
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0.40 
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0.88 
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5.97 

2.76 

0.40 
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3.61 
1.01 

0.03 
0.05 
1.69 

1  45 


24 

37.60 

15.^3 
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4.03 
26.01   • 

1.93 
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0.32  . 
1.01 

8.13 

3.23 

99.24 


$.00 

2.95 

0.07 

0.50 
3.52 

0.46 

0.13 
0.06 

0.31 
1.78 
2.96 


1  to  9     .  Samples  of  the  Abu-Kharif  granitic  complex, (Phlogopites) . 

10  to21  ,  Samples  of  the  Deloro  granitic  complex, (Annites) . 

J"  22         ,  Phlogopite   (Deer,   Howie  and  Zussman  1967). 

23         ,  Biotite   (Deer, Howie  and  Zussman  1967). 

1'   24         ,  Biotite   (Kabesh  et  al.    1977). 
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between  the  fields  of  granites  and  gneisses  while  the 
Deloro  biotites  fall  within  the  field  of  pegmatites. 

To  bring  ouL  the  interdependence  of  the  chemical 
composition  of  biotite  and  the  nature  of  the  associated 
ferromagnesian  minerals  occuring  along  with  in  that  rock, 
the  chemical  data  of  the  investigated  biotites  have  been 
plotted  on  the  variation  diagrams  of  Nockolds  (1947)  in 
Fig.  (V.2). 

The  diagram  is  divided  into  three  fields  according 
to  the  paragenesis  of  the  biotites: 

1.  Biotites  associated  with  muscovite  and  aluminous  minerals 
such  as  topaz  and  spodumene,  field  (I) . 

2.  Biotites  unaccompanied  by  other  ferromagnesian  minerals, 
field  (II). 

3.  Biotites  associated  with  hornblende  and  pyroxene  or 
olivine,  field  (III). 

From  Figure  (V.2),  it  is  clear  that  the  analysed  biotites  of 
both  the  Abu-Kharif  and  Deloro  complexes  fall  within  field 
(III) .   Our  petrographic  studies  have  shown  that  the  mafic 
minerals  associated  with  the  biotite  in  the  analysed  granitic 
phases  are  amphiboles  or  alkali  amphiboles,  which  is  in 
agreement  with  the  interpretation  suggested  by  the  diagram. 

Another  way  of  looking  at  the  distribution  of  the 
Egyptian  and  the  Canadian  biotites  is  by  plotting  them  in 
the  system  siderophyllite-eastonite-phlogopite-annite  of 
Deer  ct  al.,  1967  (Fig.  V.3).   The  biotites  from  the 
Deloro  pluton  plot  close  together  in  the  annite-rich  portion 
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(total   iron) 
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Ki(i.(V.    1);   Dompariijon  of    the  compoisition  of   the  examined   biotiteLi  with  compositioi 
of  biotites   from   igneous  and  metamorphic  rocks,    (after  Srigel  and  ^n^^el,    I960) . 

Ki^.(V.    2);   The  relation  between  the  contents  of  M^^o,    total  i^'eO  and  AI2O3    from  the 
Abu-Kharif  and  Deloro   biotites.   B'ield  (l), biotites  associated  with  muscovite. 
(II),   biotites  unaccompanied  by  other  ferromagnesian  minerals.    (Hi),   biotites 
a3:.;ociated    with  hornblende,    pyroxene  or  olivine. 


Symbols: 


(:1():,(m1  circli;:^  arc   th"    ^bU-Kharif  biotites 
Open  circles  are   the      jLoro   biotites. 
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Siderophyllite 


Annite 


Fe 


Eastonite 


Phlogopite 


Fi6.(V.  3);  The  join  siderophyllite-eastonite-phlogopite-annite 

showing  the  distribution  of  biotites  from  the  Abu- 
Kharif  and  Deloro  granites.  Filled  circles  are  the 
Abu-Kharif  samples,  while  open  circles  are  the  Deloro 
ones. 
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of  the  field.   While  those  from  the  Abu-Kharif  complex 
are  considerably  more  phlogopitic. 

In  conclusion,  the  biotites  of  the  Deloro  granites 


>" 


are  ferrous-iron-rich  varieties  and  they  are  classified  as 
Annite  (Fig.  V.3).   The  Abu-Kharif  biotites  are  magnesian 
rich,  iron  poor  varieties  comparable  to  the  Deloro  ones. 


1 1 


II 


The  Abu-Kharif  biotites  plot  near  the  phlogopitic  field 


(Fiv.  V.3) . 
2)   Amphibole 

Due  to  the  complexity  of  the  Deloro  amphiboles, 
Kuehnbaum  (1973)  has  studied  them  in  some  detail.   However, 
within  the  Abu-Kharif  granitic  phases,  hornblende  was  found 
to  be  the  only  amphibole  variety. 

Microprobe  analyses  of  11  new  amphiboles  are  presented 
in  Table  (V.2).   Some  of  the  analyses  of  the  Deloro  amphiboles 
(Kuehnbaum,  197  3)  and  some  other  amphibole  analyses  from 
different  localities  (Deer  et  al . ,  1967)  are  also  included 
in  the  same  Table. 

The  analyses  of  the  investigated  amphiboles  compare 
rather  well  with  those  of  Kuehnbaum  (1973)  and  they  are 
also  similar  to  the  ferrohastingsite  of  Deer  et^  al .  ,  1967 
(see  Table  V.2) . 

The  distribution  of  the  amphiboles  from  the  Deloro 
complex  is  illustrated  in  Fig.  (V.4).   In  that  figure,  the 
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Table(V.2);  Microprobe  analyses  of  calcic  amphiboles  from  the  Deloro  granites 
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Si02 
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TiOg 

0.11 

AI2O3 

10.83 

ZFe=FeO 

28.02 

MnO 

1.23 

MgO 

3.93 

CaO 
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NagO 
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8.77 

30.9^ 
1.15 
2. 

10. 
1. 
2 

1 


28 

Ik 

53 
38 

83 


39. UU 

0.32 

8.99 
33.02 

0.57 
1.70 

10.05 
1.69 
2.36 
1.82 


U3.26 
1.33 


8 

23 
0 

7 
11 

1 
1 
1 


1*0 
08 
I16 
16 

29 
83 
lU 

93 


99.65 


99.95 


99.88 


Structural    formulae    iDased    on    23    oxygens. 


38.76 

0.35 

12.23 

2i|.99 
0.1*2 

5.03 

11. 2U 

•1.71 

2.30 

1.87 


98.90 


Si 

6. 

.31U 

.  6. 

589 

6. 

.U90 

6. 

.708 

6, 

.208 

Al 

1, 

.686 

1, 

.Ull 

1, 

.510 

1. 

.292 

1, 

.7?2 

8, 

.00 

8, 

00 

8. 

.00 

8 

.00 

8, 

.00 

•Al 

0. 

.380 

0. 

279 

0, 

.232 

0, 

.2U2 

0. 

.517 

Ti 

0. 

.013 

0. 

037 

0, 

.oUo 

0, 

155 

0, 

.0U3 

Fe 

3. 

.79-^ 

.  k. 

230 

1*. 

.5U3 

0 

99h 

3. 

3Ui 

Mn 

0, 

.169 

^. 

159 

0. 

.079 

0. 

,060 

0. 

057 

Mg 

0, 

.91*7 

0, 

.557 

0. 

hl6 

1. 

65U 

1, 

.201 

5. 

.30 

5. 

26 

5. 

.31 

5. 

.11 

5. 

.16 

Ca 

1. 

.869 

1. 

.776 

1, 

.772 

1. 

.875 

1. 

930 

Na 

0. 

.1*51 

0, 

I18I; 

0. 

.51*0 

0. 

.51+9 

0. 

.531 

K 

0, 

.I18U 

0. 

U96 

0. 

.U9I* 

0. 

.226 

0. 

U96 

2. 

.80 

2, 

.76 

2. 

.81 

2. 

.611 

2. 

93 

;y 
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6 

7 

8 

9    . 

10 

U 

1 

Si02 

i40.56 

38.I19 

37.12 

36.58 

36.55 

1 
37. Uo 

Ti02 

0.12 

0.21 

0.23 

O.lU 

0.36 

0.21I 

AI2O3 

9.9i* 

11.66 

11.20 

10.65 

11.13 

10.73 

lFe=FeO 

28.21 

28.98 

32. 9^^ 

33.50 

33.98 

32.65 

MnO 

0.89 

0.87 

1.1*6 

0.6U 

0.83 

O.Ul* 

MgO 

^4.19 

3.21 

0.13 

0.56 

0.29 

I.3U 

CaO 

10.81; 

10.87 

10.1+6 

10. U8 

10.1;3 

10. 61;                    \ 

Ka20 

1.36 

1.35 

1.31 

l.liU 

1.26 

I.U9 

K2O 

1.57 

2.20 

2.65 

2.98 

3.11^ 

2.61 

H20^ 

1.87 

1.85 

1.79 

1.77 

1.79 

1.80 

Total 


99.56 


99.67 


99.30 


Structural   formulae  based  on  23  oxygens. 


Si 
Al 


Al 
Ti 
Fe 

Mji 
Mg 


Ca 
Na 
K 


6.505 

lJt21 
8.00 

O.38I+ 
O.OlU 

3.783 
0.121 
1.001 


5.30 

1.863 
0.U2I* 
0.321 


2.61 


6.23li 
1.766 


8.00 

O.U59 
0.025 
3.925 
0.119 
0.775 


5.30 

1.886 
O.I423 
0.I+5I+ 


2.76 


6.207 
1.793 


8.00 

O.I1I5 
0.029 
1*.607 
0.207 
0.032 


5.29 

i.8ru 

0.1i25 

0.566 


2.67 


98.71+ 


6.181 

1.819 


8.00 

0.303 
0.018 

1+.731+ 
0.092 
o.iUi 


5.29 

:.3o7 

0.1471 

0.61+1 


3.01 


99.78 


6.122 
1.878 


8.00 

0.321 
0.0l^6 
i+.76l 
0.117 
0.073 


5.32 

1  e':'3 
0.1+10 
0.672 


2.96 


99.35 


6.219 

1.781 

8.00 

0.322 
0.030 
1+.51+0 
0.062 
0.331 


5.29 

i.8r^ 
0.1+80 
0.551+ 


2.93 


■■'A.V 
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>EIGHT  P£RCOJrl2 


13 


14 


15 


16 


17- 


18 


19 


SIQ2 

44.  £5 

47.89 

4188 

4Z53 

45.37 

46.44 

45.48 

4175 

SIQ2 

fum 

4.57 

4.25 

&65 

5.99 

170 

4.25 

4.88     ' 

4  41 

AJ2IS 

TI02 

189 

0.95 

a  17 

a  16 

a  21 

8.*^ 

121 

115 

no2 

FE202 

S.7? 

2.55 

6.82 

5.22 

5.57 

4.52 

5l74 

5.88 

FE2IB 

FED 

24.8? 

27  77 

26.22 

27.27 

26.01 

2&S2 

24.28 

25.25 

FED 

RGO 

Z77 

2.55 

198 

184 

101 

118 

4  88 

166 

no 

mo 

e.55 

0.75 

a  52 

a  62 

as? 

a  67 

a^ 

a  67 

mo 

cno 

8.65 

18.  2b 

9.19 

9.16 

a  94 

9.02 

a68 

3  91 

GRO^ 

NR20 

^    X.' 

8.92 

a98 

122 

101 

126 

152 

122 

NRao 

IC20 

9.74 

0.92 

Z07 

286 

116 

112 

114 

lU 

IC20 

H20 

188 

192' 

186 

182 

186 

198 

189 

198 

K20 

SDH 

98.54 

18118 

98.86 

9a  18 

9?:.  01 

99.67 

98.38 

99.22 

sun 

UTOHIC  PRGTOfTIONS 

•  • 

51 

7.124 

7.242 

.    6.952 

6.971 

7.278 

7^226 

7.229 

7.ZS 

SI 

flL 

8.859 

0.782 

1?^ 

1155 

a  782 

a889 

a748 

a822 

flL 

TI 

8.227 

a0u 

a021 

a  020 

aa^ 

a082 

ai44 

ai27 

n 

FB* 

8.812    . 

0.416 

a732 

a  657 

a  674 

ab2/ 

a686 

a  685 

FB* 

FE2f 

1218 

2.622 

2.552 

2.743 

1499 

1499 

1226 

1229 

FE2f 

H6 

9.659 

0.S2-5 

a  476 

a  449 

a  722 

a  748 

a966 

a  8^ 

^MB 

m 

8. 889    . 

0.099 

a  072 

a  986 

a  091 

a09a 

aa9i 

a099 

Ifl 

ca 

1479 

1714 

1589 

1607 

.  1541 

1525 

1476 

1519 

CR 

:d 

. ,    a  ^9 

0. 2:8  • 

a  237 

H298 

a  215 

a  285 

a  471 

a  488 

NR 

IC 

0.151 

8.185 

a  426 

a  428 

a223 

a2:5 

a  22'. 

a  224 

K 

OH 

Z8^3 

Z809 

Z00e 

2008 

2009 

2880 

2989 

2998 

OH 

0 

22.8«9 

22  088 

2Z889 

22  ^e 

22080    . 

22  080 

22  089 

22  889 

0 

cmsidt 

17.86?  • 

17.288 

17.295 

17.  514 

17.185 

17.225 

17.278 

17.221 

carsuH 
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rc.J-     "r-;.2N.   20 


21 


22 


23 


TI02 

FZ2CZ 

rWG 
CriG 

SUfI 


45.18 

4!  7t' 

37.^9 

128 

3.ei 

5.41 

10.81 

Z75 

122 

0.86 

653 

6  01 

5.89 

7.52 

23.  8* 

26.22- 

25.99 

^5.1^ 

4  e9 

189 

Z34 

1.3^ 

8.85 

e.6i 

e.fci 

0.95 

3.27 

9.11 

9.29 

9.77 

142 

0.91 

lU 

2.06 

e.95 

132 

174 

1.91 

19« 

18S' 

188 

2.01 

99.27 

93.85 

99.89 

99.86 

RTOIIC  PR0PORTIG?6 


SI 

7.02 

7.318 

7.119 

6.07 

PL 

■     0. 611 

0.567 

1817 

2.06 

TI 

0.327 

0.148 

0.11 

fn^ 

0.813 

0.724 

8  797 

0.92 

F£2+ 

3.153 

3.597 

3.638 

3.M 

KG 

• 

0.964 

0.737 

0.556 

0.32 

KN 

0.114 

a0S3 

0.882 

0.13 

ca 

1481 

1561 

1583 

1.70 

NR 

0.435 

0.282 

0.343 

0.65 

K 

ai?2 

0.288 

8.354 

0.40 

OH 

26^ 

2690 

2088 

2.17 

0 

22.0e9 

22  089 

22  380 

CHTSIJM 

17. 142 

If'.  1?4 

17.368 

• 

23       I  Ferrohastingsite  (Deer,   Howie  and  Zussman  1967). 
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Ca     i   Na    t    K     <    2.5 


141 


X 


m 


25 


Ferro- 
actinolite 


Fe-Act  Hbde 


7.5 


A 


^ 


Y 


Ferro-Edenite 


^ 


Si 


aA 


6.5 


(b) 


Ca    f    Na     ^  K   >    2.5 


)(mg 


.25  - 


Edenite 

1 

• 

* 

Ferroedenit 

D 

^ 

Ferro- 

Hornblende 

edenite 

A 

- 

-< 

^ 

Mg  Hastingsite 

^ 

A 

A 

Haatingslte 

i^ 

^ 

A 
A^ 

A    1 

6.5 


Si 


Fig. (v.   ^);    A  portion  of  Leakes  (1968)   amphibole  classification 

diagram,   showing  the  distribution  of  aniphiboles 
from  the  Lieloro  granites. 


y 


-r' 


E^iAmBi«ft*««w.'  4i£V  iK 


■M  J. I  ,•«.' 


>*  ^ 


*1^ 


I  SI 


142. 


are  plotted  against  si  (after  Leake,  1968)  for  22  amphiboles. 
The  plots  of  the  investigated  samples  indicate  that  the 
ferro-actinolitic  hornblendes,  ferro-edinites ,  ferro-edinitic 
hornblendes  and  hastingsites  are  the  main  amphibole  varieties 
(Fig.  V.2).   Kuehnbaum  (1973)  has  found  that  the  main  mafic 
constituents  are  calcic  amphiboles  covering  a  broad  compos- 
itional range  from  f erro-actinolite  to  hastingsite,  which  is 
in  agreement  with  the  present  data. 


3)   Alkali  amphiboles 


The  data  from  24  new  microprobe  analyses  of  alkali 
amphiboles  from  the  Abu-Kharif  and  Deloro  granitic  rocks 
are  listed  in  Table  (V.3).   The  alkali  amphiboles  of  the 
Abu-Kharif  complex  possess  high  contents  of  Ti02/  FeO,  CaO 
and  K2O  and  less  of  ^^2^'^    ^^^  Na^O,  (Table  V.3),  compared 
to  the  Deloro  alkali  amphiboles. 

These  results  are  compared  with  the  analyses  from  some 
other  localities  (Deer  et  al . ,  1967  and  Refaat  et  al . ,  1980). 

In  comparison,  the  Egyptian  alkali  amphiboles,  are  composi- 
tionally  very  similar  to  the  arfvedsonites ,  while  the  Canadian 

ones  compare  rather  well  with  the  riebeckites.   Some  of  the 

2  + 
Dieloro  alkali  amphiboles ,( the  Fe    rich  ones)  are  similar, 

compositionally ,  to  arfvedsonites.   The  classification  of 

alkali  amphiboles  listed  in  the  older  literature  is  unreliable 

for  the  following  reasons  (De  Keyser,  1966) . 


\r-..-  ■» 'T*.'**<wvji 


i^'^'Jieifs-.:  ■**&  -■>*■':".•  "Tl.M 


.•A 


-,.  ,<» 


ID 


1 


143. 


Table(V,3)?  Kicroprobe  analyses  of  alkali  amphiboles  from  the  Abu-Kharif  and 

Deloro  granitic  rocks. 


HEIGHT  PERCENT     1 


8 


s 


SI02 

49.36 

49.07 

5181 

50.56 

46.92 

46.49 

45.26 

48.68 

SI02 

RL203 

e.69 

112 

a  36 

3.46 

149 

153 

135 

184 

flipo-; 

TI02 

0.92 

a  84 

a37 

a  19 

134 

176 

162 

a  99 

TI02 

FE203 

7.68 

7.05 

a08 

4  64 

255 

FE203 

FEO 

28.86 

29.19 

33.74 

3114 

32.19 

:2  38 

33.43 

32  93 

FEO 

nco 

0.63 

a  63 

a  71 

a  95 

a  26 

noo 

HNO 

a  71 

a  72 

a  76 

a  79 

a  75 

a  85 

a  91 

102 

rac 

CflO 

4.10 

4.49 

Sl02 

5.39 

4  97 

6.12 

6.05 

6.26 

CAO 

NR20 

189 

3.85 

4.00 

3.73 

4  60 

7.87 

a  31 

260 

NR20 

K20 

117 

102 

115 

180 

101 

a9i 

107 

124 

K20 

H20 

188 

188 

189 

191 

185 

184 

182 

187 

H20 

sun 

99.88 

99.88 

99.89 

99.91 

99.75 

99.94 

99.82 

99.97 

sun 

ATOMIC  PROPORTIONS 

.• 

SI 

7.852 

7.810 

a228 

,7.955 

7.615 

7.571 

7.473 

7.808 

SI 

A. 

ai» 

a210 

a067 

a  641 

a235 

a295 

a263 

a  347 

ai 

* 

TI 

aii0 

a  101 

a044 

a022 

ai63 

a  215 

a  282 

ai20 

TI 

FB+ 

a9i9 

a845 

a009 

a566 

a  387 

FB+ 

FF2+ 

1840 

3.886 

4.482 

4.097 

4.370 

4.399 

4.616 

4.417 

FE2+ 

HG 

a  149 

a  1^9 

a  169., 

a  222 

a064 

Ka 

NN 

a096 

a  098 

ai02 

a  106 

a  103 

a  118 

a  127 

ai» 

m 

CA 

a  698 

a  766 

a854 

a  909 

a  864 

1068 

1071 

1076 

Cfi 

NR 

1200 

1189 

1233 

107 

1448 

2484 

2669 

a  888 

NR 

K 

a  237 

a  208 

a  233 

a  362 

a  210 

a  190 

a  225 

a  254 

K 

OH 

?  WW 

2.000 

Z000 

2000 

Z000 

2009 

2000 

2000 

OH 

0 

22.000 

22.000 

22.000 

22.009 

22.000 

22  000 

22  000 

22  000 

0 

CflTSUM 

17.232 

17.260 

17. 423       1 

17.451 

17.625 

ia4e4 

18.637 

17.275 

c«Tsun 
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HEIGHT  PERCENT  9 


SI02 

flL203 

TI02 

FE203 

FEO 

KGO 

MNO 

CftO 

Nfi20 

K20 

H20 

SUM 


48.87 
177 
162 
111 

3101 

119 
5.82 
Z73 
143 
186 
99.66 


10 

49.17 
112 
8.84 
7.87 

29.25 
8.63 
8.73 
4.58 
186 
182 
189 
188.89 


11 

48.71 
128 
8.84 
r^ 

32  69 

186 
6.75 
Z22 
8.79 
187 
99.87 


12  • 

43.89 
165 
8.81 
5.42 

3185 
8.28 
187 
6.69 
197 
187 
187 

99.97 


13 

5Z57 
118 
8  84 
8.91 

27.24 

8.46 
8.38 
6.78 
8.42 
193 
99.82 


14 

5Z36 
124 
8.84 

18.88 

25.42 
8.45 
8.43 
8.28 
6.81 
8.28 
194 

99.97 


15 

5182 
154 
8.81 

18.11 

26.85 
8.35 
8.51 
8.41 
6.84 
8.37 
193 

99.93 


16 

58.68 
8.45 

U.33 
25.51 

a22 

6.84 

118 

198 

188.83 


17  • 

49.43 
8.8S 
a7S 
7.10 

29.52 
8  34 
8.58 
245 
6c  31 
ft60 
188 

99.73 


flTOniC  PROPORTIONS 


SI 

7  756 

7  818 

7.823 

7.789 

a  187 

a  112 

a  863 

7.974 

7.888 

RL 

8.337 

8.218 

8.243 

a  312 

8  216 

a  226 

a  282 

8  884 

a  160 

TI 

8.197 

0.181 

8.182 

'  a  897 

a  885 

a  885 

a  881 

a891 

f-Uf 

8  256 

8.845 

8.442 

a  654 

1844 

1259 

1183 

1581 

a85? 

FE2* 

4.455 

3.886 

4.391 

4.162 

3.548 

3.294 

3.390 

3  362 

1936 

KG 

8.149 

a  866 

a  183 

a  888 

a881 

KN 

8.162 

8.898 

8.144 

a  146 

a  061 

a  056 

a  860 

0  829 

a  867 

rn 

1  m 

8  76b 

1161 

1149 

a  964 

an33 

\  e^a 

kA19 

r^ 

8  868 

1189 

a  693 

a  612 

2  824 

2  847 

2  862 

2891 

1952 

K 

8.294 

8.288 

a  162 

a  228 

a  88:; 

a  856 

a  873 

8  238 

ai22 

OH 

2  808 

Z888 

2888 

2888 

2088 

2  088 

2080 

2000 

2880 

0 

22.888 

22.888 

22  888 

22  888 

22  888 

22  888 

22  880 

22  000 

22  800 

cflTsun 

17  333 

17.268 

17.168 

17.127 

17  232 

17.192 

17. 271 

17.^ 

17.560 

m^-^^ik 
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HEIGHT  PERCENT  18 

19 

20 

21 

22 

23 

24 

sro2 

50.12 

5128 

5125 

5121 

5191 

5103 

50.27 

SI02 

fl202 

0.34 

0  48 

0.68 

0.31 

0.44 

0.52 

«?m 

TI02 

8.61 

0.45 

a64 

019 

a9i 

TI02 

FE202 

10.14 

12.24 

1103 

12  65 

12  35 

n84 

1185 

FE203 

FEO 

26.99 

25.79 

26.40 

25.75 

26.03 

24.75 

25.32 

FED 

WO) 

0.69 

0.80 

noo 

rm 

0.47 

0.37 

0.55 

0.27 

0.25 

0.27 

0.48 

HNO 

CfiO 

107 

0.30 

0.87 

CBO 

Nfl20 

6.67 

6  48 

6.88 

7.02 

6.92 

6.41 

6.17 

NR20 

K20 

100 

0.62 

0.56 

0.59 

0.55 

0.97 

lU 

K20 

H20 

190 

191 

191 

191 

191 

191 

191 

H20 

SUH 

100.00 

99.91 

99.91 

99.71 

99.91 

99.81 

10a  21 

SUH 

flTOniC  PROPORTIONS 


SI 

7.925 

8.836 

a  036 

a  057 

ao3 

aou 

7.886 

S 

RL 

a  064 

0.889 

ai26 

a  057 

a  082 

.  0897 

fL 

TI 

a  072 

a  853 

a075 

a  022 

a  187 

TI 

FB+ 

-    1207 

1443 

1301 

1497 

1456 

1635 

1399 

FB+ 

FE2+ 

3.569 

1388 

3.462 

::.389 

3.411 

1249 

3.322 

FE2+ 

no 

a  163 

• 

0188 

Ml 

m 

a  063 

a059 

a  073 

a  036 

a  033 

a  036 

0  864 

III 

Cfl 

a  181 

a850 

0146 

a 

NA 

2  045 

1968 

2092 

2143 

2102 

1950 

1876 

M 

K 

0.262 

ai2«r 

a;*  3 

8.118 

a  110 

ai^ 

0  222 

OH 

2000 

2800 

2000 

2000 

2000 

2000 

2000 

OH 

0 

22  000 

22  080 

22  800 

22  009 

22  000 

22  000 

22  060 

0 

CflTSUM 

17.491 

17.192 

17.278 

17.296 

17.244 

17.181 

17.397 

CHISUH 

»*rm' 


M  'm 


^ 


/-- 


Table(y.3);  Continued 
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WEIGHT  PERCOn* 

# 

25 

26 

27 

28 

SI02 

52.41 

48.41 

45.61 

50.81 

sia2 

fiL202 

0.6l 

1.81 

3.03 

1.79 

fli;n2 

TI02 

0.^5 

1.32 

1.21 

1.02 

T102 

FE203 

1^.37 

11.25 

9.54 

13.17 

FE203 

FEO 

14.82 

23.81 

26.01 

20.61 

FED 

WGO 

5.0? 

0.06 

0.52 

0.28 

noo 

IVJO 

.    1.46 

0.75 

0.40 

a. 33 

mo 

CRO 

1.33 

1.18 

2.91 

1.09 

CAD 

Nfl20 

4.94 

7.37 

5.36 

7.22 

NR20 

K20 

2.10 

1.52 

2.11 

1.19 

K20 

H20 

2.12 

1.07 

1.88 

1.57 

H20 

sun 

99.68 

98.55 

98.58 

98.98 

SUH 

fiTOtllC  PROPORTIONS 

SI 

7.92 

7.62 

7.07 

7.55 

SI 

fiL 

0.11 

0.33 

0.55 

0.31 

ft 

TI 

0.05 

0.l6 

0.14 

0.11 

TI 

FB+ 

1.63 

1.33 

1.11 

1.33 

•  * 

FE3+ 

FE2+ 

1.87 

3.13 

3-37 

2.56 

FE2+ 

MG 

1.14 

0.01 

0.12 

0.06 

HG 

Ki 

0.19 

0.10 

0.05 

0.04 

Cfl 

0.22 

0.20 

0.48 

0.17 

Cfl 

m 

1.45 

2.25 

1.6l 

2.08 

Wl  1 

NR 

K 

0.41 

0.30 

0.41 

0.22 

K 

OH 

2.04 

0.99 

1.94 

1.^5 

1^ 

OH 

1  to  12  ,  Samples  of  the  Abu-Kharif  granitic  complex,  (Arfvedsonites) 
13  to  24,  Samples  of  the  Deloro  granitic  complex, (Hiebeckites) 
25&  26  ,  Riebeckite  and  Arfvedsonite  (Deer,  Howie  and  Zussman  196?). 
27  &  28  ,  Arfvedsonite  and  Riebeckite  (Refaat,  et  al.  I980), 
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(i)   A  complex  formula  easily  results  due  to  the  ion- 
substition   in  the  sodic  amphiboles  (Borley,  1963) . 

(ii)   The  identification  and  description  of  the  sodic 
amphiboles  in  the  previous  literature  have  mostly  been 
mistaken  views  (Miyashiro,  1957) . 

(iii)   The  analytical  errors  of  water  content  are  believed 
to  be  conmion,  causing  defect  on  the  calculated  structural 
formula  (Philips,  1963) . 

Many  classification  schemes  have  been  made  to  clarify 
the  different  varieties  of  sodic  amphiboles  by  Miyashiro 
(1957),  Kaufmann  (1963)  and  Brock  et  al.  (1964). 

In  Figure  (V.5),  the  Abu-Kharif  and  Deloro  alkali 
amphiboles  are  plotted  in  the  Miyashiro  scheme  which  is 
graphically  represented  by  Si  against  R"^"^  (Al  +  Fe'^"^)  .   It  is 
evident   that  the  Deloro  alkali  amphiboles  fall  in  the  riebeckite 
and  arfvedsonite  fields,  while  the  Abu-Kharif  ones  fall  within 


the  arfvedsonite  and  the  sodatremolite  fields. 


3-f 


The  values  of  Na  -f  K  are  plotted  against  Fe   values 
in  Fig.  (V.6),  which  is  considered  a  classification  scheme 
for  alkali  amphiboles  (Lyons,  1976).   The  diagram  indicates 
that  the  Egyptian  alkali  amphiboles  fall  within  the  arfved- 
sonite field,  while  the  Canadian  ones,  again,  fall  into  the 
categories  of  both  riebeckite  and  arfvedsonite. 

The  relation  between  (Na  +  K)  and  Ca  for  the  studied 
alkali  amphiboles  is  illustrated  in  Fig.  (V.7),  after 
Thompson  (1976).   In  that  diagram,  the  composition  of  the 
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examined  alkali  amphiboles  are  compared  to  the  three  end 
members  and  the  naturally  projected  amphiboles.   It  is  evident 
that  the  Deloro  alkali  amphiboles  lie  near  the  projected 
compositions  of  riebeckite  and  arfvedsonite ,  while  the  Abu- 
Kharif  ones  are  close  to  the  composition  of  the  ferrorich- 
terite  (Fig.  V.7) . 

Values  of  Ca  +  Al  are  plotted  against  values  of  Na  +  K 
+  Si  +  Ti  for  the  examined  alkali  amphiboles  (Fig.  V.  8)  . 
It  is  obvious  that  the  studied  alkali  amphiboles  of  the 
Abu-Kharif  granites  are  in  close  relationship  to  the  natural 
arfvedsonite  (at  point  2  of  the  diagram) .   While  those  of 
Deloro  pluton  lie  far  from  the  theoretical  arfvedsonite  but 
nearer  to  the  theoretical  riebeckite  (Fig.  V.  8). 

It  is  also  observed  that  (Ca  +  Al)  decreases  as 
(Na  +  K  +  Si  +  Ti) increase  from  arfvedsonite  to  riebeckite. 

The  relation  between  Fe  ^   and  Fe^"^  in  the  investigated 
alkali  amphiboles  is  shown  in  Fig.  (V.9).   In  1980,  Refaat 

et  al.  pointed  out  that  Fe   increases  from  arfvedsonite  to 

2  + 
riebeckite  while  Fe   shows  the  opposite  relation.   From 

Figure  (V.9),  it  is  clear  that  the  Deloro  samples  fall  in 
the  field  of  high  Fe  "^  -  low  Fe  "*"  contents  (riebeckite)  , 
while  the  Abu-Kharif  ones  plot  within  the  field  of  high 
Fe   -  low  Fe    values. 

The  investigated  riebeckites  and  arfvedsonites  are, 
in  general,  characterized  by  higher  values  of  Fe"^"*  than 
Fe   ,  but  there  is  little  difference  between  ferric 
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1.5 


Fe 


*  +  ' 


1. 


— I 


3.4 


L 


3.8,  4^2 

^iS.(V.    9);   The  ferrous  and  ferric  iron  content  of  the  Abu-Kharif  and 

Deloro  alkali  amphiboles.   Symbols  as  in  Fig.(V.   5), 
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and  ferrous  iron  in  the  riebeckites,  while  a  great 
difference  between  both  cations  in  the  arfvedsonites  are 
observed  (Table  V.3). 

According  to  Ernst  (1968),  who  studied  the  behavior 
of  iron  in  alkali  amphiboles,  we  may  suggest  that  the 
arfvedsonites  were  crystallized  from  arfvedsonite-riebeckite 
discontinuous  solid  solution  series  at  high  temperature 

(mainly  over  500  C)  in  reducing  conditions  given  rise  to 

2+ 
sodic  amphiboles  rich  in  Fe   while  riebeckites  began  to 

crystallize  at  a  temperature  lower  than  500^C  under  relatively 
oxidizing  conditions  causing  a  decrease  in  Fe^"^  ions.   That 
interpretation  is  in  agreement  with  our  previous  interpret- 
ation in  Chapter  IV  about  the  high  oxidation  state  of  the 


Deloro  riebeckite  granitic 


magma 


The  high  oxidation  state  of  the  Deloro  magma  in 
addition  to  its  deficiency  in  Mg,  help  to  develop  riebeckites 
at  the  expense  of  arfvedsonites.   Meanwhile,  the  relative 
enrichment  of  Mg  and  the  relative  low  oxidation  state  of 
the  Abu-Kharif  magma  play  an  important  role  during  the 
arfvedsonite  crystallization. 

It  is  also  evident  that  Si  atomic  proportions  in  the 
alkali  amphiboles  increased  from  arfvedsonite  to  riebeckite 
as  the  iron  became  more  oxidized,  i.e.  oxygen  fugacity 
increased. 
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The  previous  discussions  and  descriptions  of  the 
different  variation  diagrams  lead  us  to  the  conclusion  that 
the  Egyptian  alkali  amphiboles,  according  to  Miyashiro 
(1957),  Borley  (1963)  and  Lyons  (1976),  are  considered  to 
be  arfvedsonites.   However,  the  Canadian  alkali  amphiboles 
are  mainly  represented  by  riebeckites  with  a  few  arfvedsonites 
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Trace  Elements 


Trace  elements,  including  the  REE,  were  determined 
for  12  mineral  separates  representing  biotites,  amphiboles 
and  alkali  amphiboles  of  the  different  granitic  phases  from 
the  Abu-Kharif  and  Deloro  complexes. 

The  data  from  the  analyses  of  the  mineral  fractions 
are  tabulated  in  Table  (V.4).   The  Rare  Earth  Elements  have 
been  normalized  to  whole-rock  values  in  Figs.  (V.IO  and  V.ll) 

The  elemental  abundances  and  the  behavior  of  the 
determined  (15)  trace  elements  will  be  considered  under  the 
following  groups: 


1)   Cr,  Sc  and  Co 

Within  the  Abu-Kharif  granites,  it  is  observed  that 
hornblende  has  the  highest  Cr,  Sc  and  Co  concentrations, 
LolJcjwud  by  biotitcs,  while  alkali  amphiboles  (arf  vcdsoni  tos ) 
possess  the  lowest  values.   In  the  Deloro  mafic  minerals, 
the  calcic  amphiboles  are  enriched  in  both  Sc  and  Co  relative 
to  the  alkali  amphiboles.   However,  the  latter  are  slightly 
enriched  in  Cr  (average  of  58.8 ppm)  compared  to  the  calcic 
amphiboles  (average  of  24. 4  ppm). 


I 


^  1^. 


2)   Ba  and  Cs 


The  Abu-Khar if  alkali  amphiboles  have  the  highest  Ba 
contents,  followed  by  the  biotites,  while  hornblendes  have 
Lh(j  lowusl  Hci  c(jiitcnts.   in  tlic  same  granitic  complex,  the 
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investigated  biotites  possess  the  highest  Cs  contents 
(6.56  ppm)  relative  to  the  other  mafic  minerals.   Meanwhile, 
the  Deloro  alkali  amphiboles  are  enriched  in  both  Ba  and  Cs 
relative  to  the  calcic  amphiboles  (see  Table  V.4). 


3)   Hf 

Amc^Qcj  the  Abu-Kharif  mafic  minerals,  the  alkali 
amphiboles  are  highly  enriched  in  Hf  (average  of  80  ppm) , 
relative  to  biotites  (45.8  ppm),  while  hornblendes  have  the 
lowest  values  (9.3  ppm). 

In  the  Deloro  mineral  separates,  the  alkali  amphiboles 
are  highly  enirched  in  Hf  (average  of  259  ppm)  relative  to 
the  amphiboles  (average  of  30.6  ppm). 


4)   Rare  I'^arLh  Elements 

Considering  the  lanthanides,  the  concentrations  in  the 
different  mineral  phases  cover  a  wide  range,  some  very 
enriched  (alkali  amphiboles)  and  some  depleted  (Abu-Kharif 
hornblende).   Biotite  in  the  Abu-Kharif  calc-alkaline  granites 
appears  rather  rich  in  lanthanides  (Table  V.4).   Fourcade  et 
al.  (1981)  in  his  case  study  of  the  "Pyrenees"  granites  in 
France  has  reported  that  biotite  enrichment  in  the  lanthanides 
may  be  due  to  inclusions  of  apatite  needles  which  were  not 
completely  removed  in  the  separation. 

It  is  significant  that  the  Abu-Kharif  and  Deloro  mafic 
minerals  all  have  REE  distributions  very  similar  to  the  whole- 
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-c.  disti.uMon,  .ut  not  su.p.is.n,. 
-he  REE  patterns  of  both  pluton 
show  that  the  alkali 


enriched  in  ree. 


s  (Figs,  v.io  and  v.ll) 

-^yniy  tractionated  within  +-h^  .  t. 
"Minerals,  while  i-ho  Abu-Kharif 

/  wniie  they  are  poorly  fr^^+-  • 
Deloro  o  fractionated  within  the 

i-'eioro  ones.   it  i  o  -.  i  ^ 

noteworthy  that  the  Egyptian 

ferromagnesian  minerals  are  h,'  h. 

-lative  to  the  o  .  ''''^'^'  '"  ^^^^^  ^^^ 

^  ^°  the  oeloro  minerals.   The  heavy  ree  deplef 
in  the  Abu-Kharif  stud^«H   •  depletion 
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cne  melt  resultina    fr-,^m 
=  4- •  -^'-j-ng   trom   zircon   crv=;i-aii- 

ation.      Buma   et   al       no^is  ^rystalliz- 

^  £i-     (1971)    reached   a   simn. 

a   similar   conclusion. 
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CHAPTER  VI 


SUMMARY  AND  CONCLUSIONS 


The  Abu-Kharif  granitic  complex  mainly  consists  of 
syntectonic  grey  granodiorites ,  late  tectonic  pink  calc- 
alkaline  granites  and  a  still  younger  phase  of  alkaline 
granites.   The  granodiorites  and  the  calc-alkaline  granites 
are  traversed  by  acidic,  intermediate  and  basic  dykes,  the 
so-called  post-granitic  dykes.   Our  field  observations  show 
that  the  post-tectonic  alkaline  granites  intrude  the  dykes. 
Consequently,  they  represent  a  separate  granitic  phase^ 
chronologically  emplaced  after  the  dyke  intrusion. 

The  Deloro  granitic  pluton  mainly  consists  of  calcic 

* 

syenite-granite,  peralkaline  riebeckite  granite  and  grano- 
phyric  granite.   The  sequence  of  emplacement  of  the  Deloro 
pluton  was  as  follows:  intrusion  of  gabbroic  rocks,  intrusion 
and  fractionation  in  situ  of  the  calcic  suite  (calcic  syenite- 
granite)  ,  diapiric  intrusion  of  the  relatively  dry  peralkaline 
magma  and  finally  the  high  level  intrusion  of  granophyric 
granites . 

Petrographic  studies  reveal  that  the  Abu-Kharif  granites 
include  several  petrographic  varieties  in  each  granitic  field 
type.   Among  the  syntectonic  granodiorites,  hornblende, 
biotite  hornblende,  biotite  and  leucocratic  granites  are 
recognized.   Among  the  late-tectonic  stage;  biotite  horn- 
blende, biotite,  biotite  muscovite  and  leucocratic  granites 
are  distinguished.   The  alkali  amphiboles  of  the  alkaline^ 
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post-tectonic  granites,  are  optically  and  chemically  found 
to  be  arfvedsonites.   The  arfvedsonite  biotite/  arfvedsonite 
and  leucocratic  granites  are  the  main  petrographic  varieties 
among  the  post-tectonic  alkaline  granites. 

Several  petrographic  varieties  are  also  recorded  in 
each  granitic  phase  of  the  Deloro  pluton.   Among  the  calcic 
syenitc-cjranite;  Aenigmatite-bearing  varieties  have  been 
recognized  beside  the  ferroedenite  actinolitic-hornblende 
and  hastingsite  varieties.   Among  the  peralkaline  stage, 
riebeckite,  riebeckite  biotite  and  leucocratic  granites  are 
recognized.   Granophyric  granite  is  the  only  variety  in  this 
stage.  ^  ** 

The  detailed  petrogarphic  studies  reveal  the  following: 

1.  Within  the  Abu-Kharif  granites,  the  feldspars  of  the 
syntectonic  granodiorites,  compositionally ,  are  predominantly 
plagioclases  with  subordinate  amounts  of  alkalif eldspars .      * 
Among  the  late-tectonic  pink  calc-alkaline  granites,  alkali- 
feldspar  predominates  over  plagioclase.   In  the  post-tectonic 
alkaline  granites,  the  alkalif eldspars  are  exclusive. 

2.  Among  the  Deloro  granites,  the  feldspars  of  the  three 
different  granitic  phases  are  predominantly  alkalif eldspars 
with  some  thin  rims  of  secondary  albite  which  developed  along 
perthite  margins. 

3.  The  alkalif eldspars  of  the  alkali  amphibole  granites  of 
both  granitic  complexes  are  predominantly  perthites,  display- 
ing the  hypersolvus  nature  of  such  granitic  rocks.   The  perthite 
crystals  are  occasionally  twinned  on  both  Baveno  and  Carlsbad 
laws. 


\ 
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4.  The  occurrence  of  albite  outer  zones,  the  concentration 
of  albite  inclusions  around  the  cleavage  planes  and  the 
occurrence  of  unevenly  distributed  macro  perthite  bands  in 
some  perthite  crystals,  all  indicate  the  presence  of 
replacement  perthite.   That  phenomenon  is  frequently  observed 
in  the  alkali  amphibole  granites  of  both  the  Abu-Kharif  and 
Deloro  complexes. 

5.  The  occurrence  of  perthite  crystals  enclosing  corroded 
previously  crystallized  perthites  indicates  two  phases  of 
perthite  development  separated  by  a  period  of  magmatic 
corrosion. 

6.  Within  the  Deloro  pluton,  the  main  mafic  constituents 
of  the  syenite-granitic  phase  are  calcic  amphiboles  cover 
a  broad  compositional  range  extending  from  ferro- 
actinolite  to  hastingsite. 

The  study  of  the  petrochemistry  and  geochemistry  of 
the  examined  granitic  phases  included  the  study  of  the 
major  and  trace  elements  variation  as  well  as  their  REE 
patterns.   In  addition,  the  chemical  data  were  processed 
into  several  petrochemical  parameters  such  as  molecular 
norms,  Niggli  values,  Rittmann's  Suite  index  and  different- 
iation index. 

The  plots  of  the  normative  minerals,  albite-orthoclase 
and  quartz  on  the  ternary  diagram  of  Tuttle  and  Bowen  (1958) 
indicate  magmatic  origin  for  the  different  granitic  field 
types  of  the  Abu-Kharif  and  Deloro  complexes. 
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Among  the  Abu-Kharif  granitic  rocks,  the  calculated 
Niggli  values  indicate  that  the  granodiorites  and  the  calc- 
alkaline  granites  are  characterized  by  alk  lower  than  al. 
Samples  of  the  post-tectonic  alkaline  granites  show  alk 
higher  than  al.   Meanwhile,  the  Deloro  peralkaline  riebeckite 
granites  show  a  similar  relation. 

The  Niggli-values  of  the  Deloro  granites  show  a 
continuous  variation  in  composition  from  the  calcic  syenite- 
granite  to  the  peralkaline  and  granophyric  granites.   The 
plots  of  the  Egyptian  rocks,  apart  from  the  separate  alkaline 
granite,  display  a  continuous  variation  from  the  syntectonic 
granodiorites  through  the  calc-alkaline  granites.   These 
results  are  in  harmony  with  the  field  observations. 

The  study  of  the  differentiation  trends  in  the  Deloro 
samples  reveals  that  the  plots  of  the  different  granitic 
phases  are  located  on  one  differentiation  trend.   Among  the 
Abu-Kharif  granitic  rocks,  the  plots  of  both  syntectonic 
granodiorites  and  calc-alkaline  granites  are  located  on  one 
differentiation  trend,  while  the  latter  group  (the  alkaline 
granites  )  represents  a  different,  more  differentiated  stage. 
It  is  also  evident  that  the  post-tectonic  alkaline  granites 
are  either  located  above  or  below  this  trend. 

Study  of  the  major  oxides  of  both  the  Abu-Kharif  and 
Deloro  granitic  rocks  shows  that  the  alkaline  and  peralkaline 
granites  have  higher  values  of  Na^O  accompanied  with  low 
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Al^O  .   The  enrichment  of  sodium  may  account  for  the 
occurrence  of  the  alkali  amphiboles  (arfvedsonites  and/or 
riebeckites)  among  these  rocks. 


Study  of  the  trace  elements  reveal  the  follwoing 


facts: 


1)  Considering  the  trace  elements  (Ba,  Sr,  Rb  and  Cs) ,  it 
is  found  that  the  more  basic  varieties  of  the  Abu-Kharif 
and  Deloro  graitic  complexes  (the  granodiorites  and  calcic 
syenite-granites  respectively)  have  in  general,  higher  Sr 
and  Ba  concentrations  and  lower  Rb  and  Cs  contents  than  the 
more  differentiated  granitic  varieties. 

2)  The  maximum  concentration  for  Cr^  Sc  and  Co  are  found 
in  the  more  basic  varieties  (Abu-Kharif  granodiorites . and 
Deloro  syenite-granite) .   However,  the  more  acidic  varieties 
arc  less  enirched  in  those  elements. 

3)  Among  the  investigated  Egyptian  and  Canadian  granitic 
rocks,  it  is  noted  that  the  alkali  amphibole  granites  have 
a  higher  Ta,  Zr,  Hf  and  Y  contents  relative  to  the  other 
granitic  phases.   The  plots  of  Zr,  Hf  and  Y  against  the  D.I. 
show  a  continuous  variation  throughout  the  Deloro  granitic 
phases,  suggesting  a  single  continuous  granitic  series. 
Within  the  Abu-Kharif  granites,  the  plots  of  the  alkaline 
granite  lie  above  the  granodiorite,  calc-alkaline  granitic 
trend. 

4)  From  the  distribution  of  U  and  Th,  it  is  clear  that  U 
and  Th  increase  from  basic  to  silicic  rocks  in  both  the 
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Abu-Khar if  and  Deloro  granitic  complexes.   Apart  from  the 
separate/  Egyptian  alkaline  granites,  a  sympathic  relation 
is  obtained  where  U  and  Th  increase  with  increasing 
differentiation  index  among  the  other  granitic  phases. 

The  lanthanide  distribution  among  both  the  Abu-Kharif 
and  Deloro  granitic  rocks  indicates  that  the  alkali  amphibole 
granites  of  both  complexes  are  highly  enriched  in  REE  and 
exhibit  an  important  negative  Eu  anomaly  comparable  to  the 
other  granitic  phases. 

In  comparison /  the  REE  patterns  of  the  different 
granitic  rocks  of  both  the  Abu-Kharif  and  Deloro  complexes 
reveal  two  main  features: 

a)  The  Egyptian  granites  exhibit  a  more  differentiated 
REE  relative  to  the  Canadian  granitic  rocks  in  which  REE  are 
less  differentiated  or  not  at  all. 

b)  A  remarkable  enrichment  in  heavy  REE  wihtin  the 
Deloro  granites  comparable  to  the  Abu-Kharif  granites. 


The  REE  results  show  that  the  Egyptian  granitic  rocks 
display  two  main  different  REE  patterns,  both  the  granodio- 
rites  and  the  calc-alkaline  granites  possesses  a  very  similar 
or  homogeneous  REE  patterns,  while  the  alkaline  granites 
exhibit  a  different  and  a  characteristic  REE  patterns, 
suggesting  that  those  granitic  rocks  are  possibly  derived 
iioiii  two  dilluLunt  macjmas.   The  alkaline  granitic  phase 
probably  represents  a  separate  magmatic  unit.   The  homogeneity 
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between  the  REE  patterns  of  the  different  granitic  phases 
of  the  Deloro  pluton  may  permit  us  to  consider  that  the 
Deloro  granitic  rocks  could  probably  be  derived  from  a  more 
basic  magma  by  extensive  differentiation  and  they  possibly 
form  a  single  continuous  granitic  series.   These  results 
are  in  strong  agreement  with  the  field  observations. 

From  the  geochemical  point  of  view,  it  can  generally 
be  seen  that  the  Deloro  granitic  magma  was  highly  enriched 
in  femic  oxides,  K2O,  Na  0,  Cr,  Hf,  Y  and  heavy  REE  and 
depleted  in  AI2O  ,  MgO  and  Sr  compared  to  the  Abu-Kharif 
magmas. 

According  to  the  sympathetic  relation  among  their 
major  and  trace  elements  variation  and  the  homogeneity  in 
their  REE  patterns,  the  different  granitic  phases  of  the 
Deloro  pluton  are  possibly  forming  a  single  continuous 
granitic  series  from  the  calcic  syenite-granite  to  the 
peralkaline  granite  throughout  the  granophyric  granite. 
Among  the  Abu-Kharif  granitic  rocks,  it  is  found  that  the 
syntectonic  granodiorites  and  the  late  tectonic  calc- 
alkaline  granites  exhibit  a  smooth  variation  and  a  continuous 
evolution  in  their  major  and  trace  elements.   However,  the 
younger,  post-tectonic  alkaline  granitic  phase  usually  lie 
above  or  below  the  previous  evolution  trend  leading  to  the 
conclusion  that  this  younger  alkaline  granitic  phase  is  not 
a  parL  of  the  granodioritc-calc  alkaline  granitic  series, 
and  should  be  considered  as  a  separate  magmatic  unit. 
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Our  geochemical  studies  of  the  Abu-Kharif  and  Deloro 
f erromagnesian  mineral  phases  reveal  the  following: 

1.  The  Abu-Kharif  biotites,  compositionally ,  are  magnesian 
rich,  ferrous  iron-poor  varieties  relative  to  the  Deloro 
biotites  which  are  ferrous  iron  rich  varieties. 

2.  The  biotites  are  plotted  in  the  system  siderophyllite- 
eastonite-phlogopite-annite.   The  Canadian  biotites  plot  close 
together  in  the  annite-rich  portion  of  the  field.   While  the 
Egyptian  biotites  are  considerably  more  phlogopitic. 

3.  Hornblende  found  is  to  be  the  only  amphibole  variety  in 
the  Abu-Kharif  granitic  complex.   The  Deloro  calcic- 
aiuphibolcs  are  classified  (according  to  Leake,  1968)  as 

f erro-actinolitic  hornblendes  and  hastingsites. 

4.  The  alkali  amphiboles  of  the  Abu-Kharif  granites  are 

um  Lcluja  in  i'cU,  CaU,  K^O  and  TiO^  and  depleted  in  l'^'2^3  ^^^^ 
Na,^0  compared  to  the  Deloro  alkali  amphiboles. 

5.  From  the  relation  between  (Na+K)  and  Ca,  it  is  found 
that  the  Deloro  alkali  amphiboles  lie  near  the  projected 
compositions  of  riebeckite  and  arfvedsonite. 

6.  According  to  Miyashiro  (1957),  Borly  (1963)  and  Lyons 
(1976),  the  Egyptian  alkali  amphiboles  should  be  classified 

as  arfvedsonites.  However,  the  Canadian  ones  are  mainly 
represented  by  riebeckites  with  some  few  arfvedsonites. 

7.  It  is  noted  that  the  Deloro  alkali  amphiboles  fall  in 

3+        2  + 
the  field  of  high  Fe   -low  Fe   contents  (riebeckitps) , 

while  the  Abu-Kharif  ones  f)lot  within  the  field  of  hicjh 

^  2+  ,    „  3-f    , 

Fe   -low  Fe    values. 
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8.  It  is  also  observed  that  the  Si  atomic  proportions 
increase  from  Lhc  Egyptian  alkali  aniphibolcs  (ar  fvcdsonites) 
to  the  Deloro  alkali  amphiboles  (riebeckites)  as  the  iron 
becomes  more  oxidized. 

9.  The  (Ca+Al)  is  found  to  decrease  as  the  (Na  +  K  +  Si  +  Ti) 
increases  from  the  Egyptian  alkali  amphiboles  (arfvedsonites) 
to  the  Canadian  ones  (riebeckites). 

10.  The  trace  element  distribution  among  the  investigated 
ferromagnesian  mineral  separates  of  both  the  Abu-Kharif 
and  Deloro  granitic  rocks  indicates  that  the  alkali 
amphiboles  are  generally  more  enriched  in  Hf,  Ba  and  Cs  and 
depleted  in  Cr,  Sc  and  Co.   However,  the  amphiboles  show 
the  opposite  relation. 

11.  Considering  the  lanthanides,  the  alkali  amphiboles  of 
the  Abu-Kharif  and  Deloro  granites  possesses  the  highest 

REE  contents  with  respect  to  the  other  ferromagnesian  minerals. 

12.  The  Deloro  mafic  minerals  possesses  high  contents  of 
heavy  REE  compared  to  those  of  the  Abu-Kharif  rocks. 

13.  In  comparison,  it  is  noted  that  the  REE's  are  highly 
fractionated  within  the  Abu-Kharif  mineral  separates  while 
they  are  poorly  fractionated  within  the  Deloro  ones. 

14.  It  is  significant  that  the  Egyptian  and  the  Canadian 
iiiirK^ral  [)hascs  investigated  all  have  Rl.ir:  distributions  very 
similar  to  tlic  wliolc-iock  distribution. 
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